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TO  HIS  EXCELLENCY 

THE  HON.  RALPH  PHILLIPS  LOWE, 

GOVERNOR    OF    THE    STATE    07    IOWA. 
SIR: 

The  Report  addressed  to  your  predecessor  in  November  last  has  been 
delayed  in  its  publication  much  longer  than  could  have  been  antici- 
pated, and  from  circumstances  beyond  our  control.  One  of  these  has 
been  the  time  required  for  engraving  so  large  a  number  of  plates  in 
a  style  worthy  of  the  subjects  illustrated ;  and,  furthermore,  an 
unexpected  delay  in  the  work  of  the  engraving  from  causes  not  dis- 
covered till  it  had  been  some  time  in  progress.  It  is  hoped,  however, 
that  the  later  publication  of  the  work  will  be  in  some  measure  com- 
pensated by  the  increased  interest  which  this  part  of  the  Report  will 
have  for  the  scientiiGic  public,  and  which  will  render  the  volumes 
more  acceptable  in  the  public  libraries  of  this  and  other  countries. 

It  may  be  proper  to  mention,  in  this  place,  that  during  the  interval 
which  has  elapsed  since  the  commencement  of  the  printing  in  De- 
cember 1867,  several  discoveries  in  Western  Geology  have  been  made. 
The  most  interesting  of  these,  so  &r  as  regards  the  geology  of  Iowa, 
is  the  determination  of  the  existence  of  the  Permian  system;  the 
discovery  of  which  was  announced  almost  simultaneously  by  Prof. 
Swallow  and  Mr.  Hawn,  and  by  Messrs.  Meek  and  Hatpen,  while 
the  pages  of  this  volume  were  passing  through  the  press.  I  have  cited 
these  publications  in  a  note  on  page  143,  and  I  have  likewise  inci- 
dentally noticed  some  fossils  of  the  same  character  from  Illinois, 
though  their  geological  relations  have  not  been  determined.  The 
paper  of  Messrs.  Swallow  and  Hawn*,  showing  the  relations  of 

*  Mr.  Hawh,  who  has  been  engaged  in  the  Ifaiear  iuvreya  of  ^aniM  TerrHofy,  has 
likewise  devoted  himself  to  the  study  of  its  geological  stractnre,  bringing  ont  the  sec- 
tions which  for  the  first  time  have  clearly  shown  the  relations  of  the  Gypsam  fbrmatloa 
with  the  Cretaceous  above  and  the  Carboniferous  rocks  below. 
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the  Gypsum  formation  of  the  west  with  the  Permian  rocks,  had 
not  then  been  published,  or  I  should  have  availed  myself  of  the  in- 
formation there  given  to  cite  from  its  pages  some  facts  regarding  this 
interesting  geological  formation.  My  remarks  on  the  supposed  rela- 
tions of  these  beds  were  chiefly  drawn  from  the  observations  of  Mr. 
WoRTHEN  in  1856,  which  are  more  fully  detailed  in  his  Report;  and 
from  information  obtained  at  a  later  period,  regarding  the  occurrence 
of  peculiar  fossils  in  the  Desmoines  valley,  in  connection  with,  or 
in  the  locality  of  the  Gypsum  beds. 

The  inference  (page  143)  that  these  beds  are  unconformable  with 
the  Coal  measures,  is  probably  incorrect;  the  appearance  indicating 
this  condition  in  the  Desmoines  valley  being  of  local  extent,  and  due 
to  the  absence  of  some  members  of  the  series.  It  would  moreover 
appear  that  the  same  may  be  true  of  the  overlying  formations  ;  and 
the  hitherto  supposed  want  of  conformability  may  be  due  to  the  local 
absence  of  a  portion  of  the  series,  as  is  so  well  shown  in  the  relative 
position  of  the  Coal  measures  to  the  underlying  rocks  along  the 
valley  of  the  Mississippi  river. 

Among  other  discoveries  has  been  the  announcement  of  Jurassic 
rocks  in  the  region  of  the  Black  hills,  from  the  explorations  of  Dr. 
Haydek,  whose  previous  discoveries  in  that  region,  connected  with 
what  was  before  known  of  the  geology  of  the  country  still  further 
to  the  north,  and  also  in  the  south,  had  rendered  the  existence  of 
Jurassic  rocks  in  that  latitude  more  than  probable.  The  hiatus  here- 
tofore existing  in  the  sequence  of  formations  in  the  West  is  thus  being 
rapidly  filled  up.  Dr.  Hayden  has  also  discovered  in  the  same  region 
the  Potsdam  sandstone,  containing  its  characteristic  fossils*.  There  is 
thus  evidence  of  this  lower  member  of  the  Palseozoic  series  as  far 
west  as  the  Black  hills;  a  £Eict  which  had  been  inferred  from  its  in- 
creasing thickness  in  that  direction,  as  shown  by  Prof.  Swallow  in 
Missouri.  We  have  long  possessed  metamorphic  slates  and  other 
rocks  indicative  of  Lower  Silurian  age  from  points  still  &rther  west, 

along  the  line  of  the  Rocky  mountains;  and  Lower  Silurian  fossils 
were  brought  by  Col.  Emory  from  the  same  range,  on  the  United 

*  I  have  elsewhere  bad  occasion  to  notice  more  fully  the  discoyeries'  of  this  zealous 
and  indefatigable  explorer,  who  has  done  more  than  all  others  of  the  present  time  to- 
wards giving  us  a  true  knowedge  of  the  geology  and  palaeontology,  particularly  of  the 
Cretaceous  and  Tertiary  formstlons  of  the  interesting  country  horderhig  the  Upper  Mis- 
souri and  its  tributaries. 
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States  and  Mexico  Boundary  Survey  :  showing  that  these  formations, 
however  attenuated  in  that  direction,  still  preserve  their  characte- 
ristic features,  reappearing  from  beneath  the  broad  area  of  newer 
formations  which  occupy  the  great  eastern  slope  of  the  Bocky 
mountains. 

The  third  volume  of  the  Geological  Report  of  Kentucky,  and  se- 
veral interesting  palsBontolc^ical  papers,  have  appeared  during  the 
same  period;  and,  as  far  as  possible,  these  have  been  cited,  and  the 
names  of  the  species  there  published  have  been  adopted  for  several 
of  those  described  in  this  volume,  where  no  doubt  of  identity  exist- 
ed. If  others  have  been  overlooked,  it  has  been  from  no  intention  or 
want  of  desire  to  identify  and  give  credit  for  all  such  as  have  been 
previously  described.  The  expansion  of  the  volume  so  far  beyond 
what  was  originally  anticipated  has  precluded  citations  from  and 
comparisons  with  the  new  facts  and  forms  brought  out  in  many  of 
these  papers;  and,  for  the  same  reason,  one  or  two  subjects  proposed 
for  the  second  part  of  this  volume  have  been  postponed  to  the  next. 

The  drawings  of  the  Plates  of  this  volume  have  been  made  by 

Mr.  r.  B.  Meek;  and  the  diagrams  of  the  Crinoidese,  illustrating  the 

text,  have  been  drawn  with  great  care  and  accuracy  by  Mr.  R.  P. 

Whitfield,  and  will  afford  valuable  aid  in  the  comparison  of  species. 

The  steel  engravings  are  by  Mr.  James  Duthie,  and  those  of  the 

Crinoides  especially  may  be  r^arded  as  very  superior  illustrations. 

JAMES  HALL,  State  Geologist. 
Skptexbsb,  1S68. 
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Joint  Resolution  to  provide  for  the  printing  of  an  additional  number  of  the 
Report  of  the  State  Geologist,  and  for  the  disposal  of  the  i 


Resolved  by  the  General  Assembly  of  the  State  of  Iowa,  That  the  Goyemor  be  and 
is  hereby  authorized  to  procure  the  printing  of  one  thousand  copies  of  the  Report  of 
the  State  Geologist,  in  addition  to  the  two  thousand  copies  directed  to  be  printed  hj 
the  Sixth  General  Assembly. 

Resolved,  That  the  copies  of  said  Report  ordered  to  be  printed  by  the  foregoing 
resolution  shall  be  disposed  of  as  follows  :  Two  hundred  and  fifty  copies  of  the  same 
shall  be  distributed  under  the  direction  of  the  Governor,  to  such  of  the  Govemments 
and  Scientific  Societies  of  Europe,  and  to  such  of  the  State  Governments  and  Scien- 
tific Societies  of  this  Union,  as  the  Governor  in  his  discretion  shall  determine.  Fifty 
copies  shall  be  given  to  the  present  State  Geologist,  twenty-five  copies  to  £z-govtmor 
Grimes,  and  ten  copies  each  to  Ez-govemors  Briggs  and  Hempstead ;  and  the  re- 
maining copies  shall  be  disposed  of  by  the  Secretary  of  State,  by  sale  for  the  benefit 
of  the  State,  at  the  rate  of  five  dollars  per  copy. 

Resolved,  That  the  Governor  be  further  authorized  to  draw  his  warrant  or  war- 
rants on  the  Auditor  of  State  for  the  expenses  incurred  in  accordance  with  tho 
foregoing  resolutions,  who  shall  audit  and  allow  the  same. 

Appbovkd  :  February  12,  1858.  RALPH  P.  LOWE,  Gavenwr. 


Joint  Resolution  to  provide  for  the  distribution  of  the  State  Geological 

Reports* 

Resolved  hythe  General  Assembly  of  the  State  qf  Jowa,  That  theSecretary  of  State 
be  and  is  hereby  authorized  to  distribute  the  two  thousand  copies  of  the  State  Geo- 
logical Reports  that  were  ordered  to  be  printed  by  the  last  General  Assembly,  ac- 
cording to  the  following  manner  :  One  copy  to  each  member  of  the  last  General 
Assembly,  agreeable  to  a  resolution  passed  by  that  body;  and  eighty  copies  to  the 
State  Historical  Society,  and  ten  copies  to  the  State  Library,  and  five  copies  to  the 
Deaf  and  Dumb  Asylum,  and  twenty-five  copies  to  the  State  University,  and  one 
copy  to  each  county  in  the  State  ( to  be  held  in  the  care  of  the  county  treasurer), 
and  twelve  copies  to  each  State  officer  for  distribution,  and  twelve  copies  to  each 
member  of  this  General  Assembly  for  distribution  within  the  State;  and  one  copy 
to  each  State,  one  copy  to  the  person  or  persons  who  edit  each  weekly  newspaper  or 
periodical  in  the  State,  one  copy  to  each  organized  college  or  academy  in  the  State, 
one  copy  to  each  of  the  chaplains  of  the  General  Assembly,  and  one  copy  to  each  of 
the  secretaries  and  clerks  of  the  General  Assembly;  and.  the  remainder  are  to  be 
disposed  of  by  the  Governor  in  the  way  of  exchange  for  other  valuable  works,  to  be 
placed  in  the  State  Library. 

Resolved,  That  for  the  distribution  of  said  Reports,  that  the  Secretary  be  autho- 
rized to  draw  his  order  on  the  State  Auditor  for  the  necessary  expenses,  to  be  paid 
out  of  any  funds  in  the  State  treasury. 

Appbotbd  :  February  24, 1868.  RALPH  P.  LOWE,  Gwemor. 


TO  HIS  EXOELLENCT 

THE  HON.  JAMES  WILSON  GRIMES, 

OOYE&NOR    OF    THE    STATE    OF    IOWA. 
SIR: 

The  accompanying  Report  on  the  Geology  of  Iowa  comprises  the 
results  of  the  Survey  to  th^  close  of  the  season  of  1867.  Under  the 
law  of  1855,  the  field  work  of  the  Geological  Survey  was  com- 
menced in  September  of  that  year,  and  has  been  carried  on  as  rapidly, 
and  extended  over  as  much  ground  as  the  means  at  our  disposal 
would  permit ;  one  or  two  parties  being  employed  in  the  field  during 
the  months  of  May  and  June,  and  of  September,  October  and  Novem- 
ber of  each  year. 

Mr.  A.  H.  WoRTHEN*  was  engaged  as  Assistant  at  the  commence- 
ment of  the  Survey,  and  was  employed,  during  the  seasons  for  explora- 
tion, until  the  close  of  1867  :  by  his  services  in  the  field,  and  the  loan 
of  his  magnificent  collection  of  carboniferous  crinoids,  he  has  added 
greatly  to  the  value  and  interest  of  this  Report.  Messrs.  B.  J.  Hall 
of  Burlington  ( Iowa),  and  E.  Hungerford,  offered  their  services  and 
were  employed  as  volunteer  assistants  ;  the  former  in  the  autumn  of 
1855,  and  the  latter  in  the  corresponding  season  of  1856.  Subse- 
quently Mr.  Hi/^GERFORDf  was  engaged  as  Assistant  during  the  spring 
campaign  of  1857  ;  and  the  results  of  his  observations  will  be  found 
incorporated  in  Chapter  VI.  Mr.  Edwin  A.  Cooley  of  Marion,  Linn 
County,  Iowa,  joined  the  Survey  in  the  summer  of  1857,  and  con- 
tinued to  the  close  of  the  season. 

The  geological  explorations  have  hitherto  been  confined  to  the 
eastern  counties  of  the  State,  as  shown  in  the  Report.  It  is  proposed 
to  complete  the  publication  of  the  results  of  the  Survey  in  another 
volume,  which  shall  contain  the  geological  description  of  the  west- 
ern portion  of  Iowa,  with  a  discussion  of  such  subjects  of  theoreHcal 
and  practical  interest,  including  agriculture  and  the  capacity  of  the 
soils,  as  can  only  be  properly  treated  after  having  gone  over  the  whole 
State. 

*  Since  appointed  State  Geologist  of  niinois. 

t  Since  iippoii\ted  Frofeesor  of  Geology  in  the  University  of  Yermont. 
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Among  geological  facts  of  interest  brought  out  in  this  Report  is 
the  determination  of  the  existence  of  the  Hudson-river  group  at 
numerous  points  in  Iowa  and  Illinois  ;  and  although  the  occurrence 
of  the  blue  shales  had  been  previously  noticed  in  Illinois,  their  true 
relations  had  not  been  recognized.  The  same  strata  have  also  been 
shown  by  the  Missouri  Report  to  ejdst  in  that  State,  and  their  identity 
with  the  "  Blue  limestone"  of  Cincinnati  is  now  generally  admitted. 

The  investigations  in  the  Iowa  Survey  have  shown  the  existence 
of  an  important  limestone  formation,  above  the  Niagara  limestone, 
not  heretofore  recognized  in  the  Mississippi  valley  :  this  limestone 
occurs  at  Leclaire,  forming  by  its  undulations  the  Upper  rapids  of 
the  Mississippi.  Being  a  magne^ian  limestone,  and  holding  the  same 
relative  position  as  the  limestone  of  6alt,  Canada  West,  it  is  not  im- 
probable that  the  two  will  be  proved,  by  their  fossil  contents,  to  be 
identical.  At  the  present  time  we  know  too  little  of  the  fossils  of  the 
Leclaire  limestone  to  speak  with  certainty  of  its  palaeozoic  relations. 

Although  the  Hamilton  and  Chemung  groups  are  recognized,  both 
in  their  lithological  aspect  and  in  some  of  their  more  important  fos- 
sils, it  is  yet  an  interesting  and  significant  fact  that  the  larger  number 
of  the  species  are  distinct  from  those  of  more  eastern  localities,  and, 
in  some  forms,  more  nearly  allied  to  European  species. 

The  subdivisions  proposed  in  the  Carboniferous  limestones,  below 
the  Coal  measures,  are  founded  both  upon  physical  and  zoological 
differences,  which  seem  to  warrant  the  separation  of  the  several 
members  of  the  series.  In  Part  II  of  this  Report,  these  subdivisions 
have  been  illustrated  by  some  of  their  more  characteristic  fossils ; 
from  which  it  is  believed  the  successive  formations  may  be  everywhere 
recognized. 

In  concluding  these  remarks,  we  acknowledge  with  much  plea- 
sure and  satisfaction  our  obligations  to  the  citizens  of  the  State  gene- 
rally for  their  kind  treatment,  and  the  readiness  with  which  they 
have  furnished  information  in  aid  of  the  objects  of  the  Survey  ;  and 
would  more  particularly  mention  the  names  of  Alexander  McGregor, 
of  M'Gregor;  Prof.  J.  Allen,  Dr.  J.  Sprague,  H.  de  WERTHERN,Esq., 
Richard  Bonson,  Esq.,  R.  Osee  Anderson,  Esq.,  and  Dr.  Scott,  of 
Dubuque  ;  Dr.  C.  C.  Parry,  of  Davenport ;  T.  S.  Parvin,  Esq.,  and 
Mr.  Reed,  Engineer,  of  Muscatine  ;  and  E.  R.  Blackwell,  Esq.,  of 
Keokuk.  JAMES  HALL,  Sitofe  Geologist. 

NovBiiBBB,  1867.  J.  D.  WHITNEY,  ChtnUtt  and  Mntrahgitt. 


ORGANIZATION   OF   THE  SURVEY. 


In  the  month,  of  January,  1855,  the  L^islature  of  the  State  of  Iowa 
passed  the  following  Act  to  provide  for  a  Geological  Survey  of  the 
State. 

jlY  ACT  PROrWUSTG  FOR  THE  GEOLOGICAL  SURVEY  OF  THE 

STATE. 

SsoTlON  1.  Be  it  enacted  hy  the  General  Assembly  of  the  State  of  Iowa, 
That  the  Goyemor  may  appoint,  by  and  with  the  advice  and  consent  of  the 
Senate,  a  State  Geologist,  who  shall  he  a  person  of  competent  scientific  and 
practical  knowledge  of  the  sciences  of  geology  and  mineralogy,  who  shall 
hold  his  office  for  the  term  of  two  years,  unless  sooner  removed  by  the 
Goyemor. 

4  2.  The  said  State  Geologist  shall,  by  and  with  the  consent  of  the  Go- 
vernor, appoint  one  suitable  person  to  assist  him  in  the  discharge  of  his 
duties,  who  shall  be  a  skilful  analytical  and  experimental  chemist. 

§  3.  It  shall  be  the  duty  of  said  Geologist  and  his  assistant,  as  soon  as 
may  be  practicable  after  the  appointment,  to  commence  and  carry  on,  with 
as  much  expedition  as  possible,  a  thorough  geological  and  mineralogical 
survey  of  the  State,  as  also  of  the  character  and  quality  of  the  soil  for 
agricultural  purposes. 

§  4.  It  shall  be  the  duty  of  the  Assistant  to  make  full  and  complete 
examinations  and  assays  of  all  rocks,  ores,  soils,  or  other  substances  which 
may  be  submitted  to  him  by  the  State  Geologist  for  that  purpose,  and  to 
furnish  him  with  a  detailed  and  complete  account  of  results  so  obtained. 

4  5.  It  shall  be  the  duty  of  the  State  Geologist,  on  or  before  the  first 
Monday  of  December  in  each  year,  during  the  time  not  necessarily  occupied 
by  said  survey,  to  make  report  of  said  survey  and  the  progress  thereof,  ac- 
companied with  such  maps,  drawings,  and  specifications  as  may  be  necessary 
and  proper  to  exemplify  the  same  to  the  Governor,  who  shall  lay  a  copy  of 
the  reports  before  the  General  Assembly. 
[lowA  Survey,]  b 
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$  6.  It  shall  also  be  the  duty  of  sucli  Geologist  to  forward  to  the  Gover- 
nor, from  time  to  time  dnring  the  progress  of  said  survey,  snch  specimens 
of  rocks,  ores,  coals,  soils,  fossils,  and  other  mineral  substances  discovered 
and  examined,  properly  labeled,  as  may  be  proper  and  necessary  to  form  a 
complete  cabinet  of  collections  of  specimens  of  geology  and  mineralogy  of 
the  State ;  and  the  Governor  shall  cause  the  same  to  be  preserved  for  the 
benefit  of  the  State,  for  public  inspection.  Said  Geologist  shall  cause  to  be 
represented  on  the  map  of  the  State,  by  colors  and  other  appropriate  means, 
the  various  areas  occupied  by  the  different  geological  formations  in  the  State, 
and  mark  thereon  the  localities  of  the  respective  beds  of  deposits  of  the 
various  mineral  substances  discovered,  and  the  character  of  the  soil ;  and, 
on  the  completion  of  the  survey,  to  compile  a  memoir  of  the  geology  and 
mineralogy  of  the  State,  comprising  complete  accounts  of  the  leading  sub- 
jects and  discoveries  which  have  been  embraced  in  the  survey. 

^7.  For  the  purpose  of  carrying  into  effect  the  provisions  of  this  Act,  the 
sum  of  two  thousand  five  hundred  dollars  is  hereby  annually  appropriated 
for  the  said  term  of  two  years,  to  be  expended  under  the  direction  of  the 
Governor.  The  salaries  of  the  Geologist  and  Assistant  shall  be  fixed  by  the 
Census  Board  of  the  State  :  the  salaries  of  the  Geologist  and  Assistant, 
however,  shall  not  commence  until  they  have  respectively  entered  upon  the 
discharge  of  their  duties ;  and  upon  the  completion  of  said  survey  and  the 
duties  connected  therewith,  the  same  shall  cease  and  determine. 

^  8.  This  Act  shall  take  effect,  and  be  in  force  from  and  after  its  publica- 
tion in  the  Iowa  Republican  and  Iowa  Capital  Reporter. 

REUBEN  NOBLE, 
Speaker  of  the  Home  of  Representatives, 

MATURIN  L.  FISHER, 

President  of  the  Senate, 
Approved  —  January  23, 1855. 

JAMES  W.  GRUCES,  Governor. 


Under  the  authority  given  by  this  Act,  James  Hall  of  Albany 
(  New-Tork)  was  appointed  the  State  Geologist,  and  J.  D.  Whitney 
of  Northampton  (  Massachusetts)  was  appointed  to  the  department 
of  chemistry,  mineralogy,  etc. 

In  accordance  with  the  provisions  of  the  Act,  a  report  of  progress 
was  communicated  to  Governor  Grimes  at  the  end  of  the  year  I8669 
accompanied  by  the  following  letter. 


OP    THE   SURVEY.  XUl 


TO  HIS  EXCELLENCY  JAMES  W.  GRIMES,  GOVERNOR  OP  IOWA. 

I  HAYB  the  honor  to  submit  herewith  a  report  of  a  geological  reconnoissanoe 
of  the  State  of  Iowa,  made  in  1855,  together  with  a  general  statement  of  the 
results  of  the  examinations  made  during  the  year  1856. 

In  order  to  conduct  the  work  intelligibly,  and  to  accomplish  the  object 
desired,  it  became  necessary  to  obtain,  in  the  first  place,  a  general  knowledge 
of  the  geological  structure  of  the  territory  to  be  examined.  For  this  purpose, 
geological  sections  were  to  be  carefully  made  in  different  directions  across 
the  State.  The  northern  and  central  parts,  being  to  a  great  extent  deeply 
covered  by  drift  and  modem  accumulations,  offered  few  facilities  for  such  an 
object.  The  course  of  the  Mississippi  riyer  presented  the  best  exposures  of 
the  rocks ;  and  likewise  flowing  generally  in  the  direction  of  the  dip  of  the 
strata,  I.  was  enabled  to  determine  the  successive  formations  and  beds  of  rock 
from  the  Lower  sandstone  on  the  north,  to  the  Coal  measures,  which  approach 
the  river  at  Davenport  and  Muscatine,  and  again  in  the  vicinity  of  Keokuk ; 
the  intermediate  space  being  occupied  by  limestones  of  Carboniferous  age , 

The  reconnoissanoe  of  1855,  which  was  commenced  only  in  the  latter  part 
of  the  season,  was  made  chiefly  along  the  course  of  the  Mississippi  river, 
and  the  observations  extended  into  the  interior  at  various  points.  These 
examinations  have  enabled  me  to  present  a  brief  general  sketch  of  the  geo- 
logical formations  of  the  State,  which  include  some  interesting  and  important 
groups  not  before  noticed  on  the  Upper  Mississippi  river.  I  have  also  given 
a  sketch  of  the  successive  members  of  the  series  of  Carboniferous  limestones  ; 
showing,  as  I  believe,  for  the  first  time,  the  true  order  and  succession  of  the 
several  masses  or  groups  constituting  this  important  and  interesting  geological 
series  which  underlies  the  greater  part  of  the  Coal  measures  of  the  Mississippi 
valley. 

In  the  present  state  of  the  work,  it  would  be  impracticable  to  give,  with 
any  satisfaction,  the  details  of  the  geological  examination  of  counties  or 
particular  portions  of  the  country  :  these,  in  order  to  be  made  available, 
require  to  be  accompanied  by  maps  and  sections,  the  material  for  which  has 
been  obtained  as  far  as  the  examinations  have  progressed. 

While  this  reconnoissance  of  the  geology  occupied  my  attention,  Professor 
Whitney  was  engaged  in  the  Lead  region,  with  a  view  to  a  complete  in- 
vestigation of  that  portion  of  the  State  occupied  by  the  Lead-bearing  rock, 
and  the  phenomena  connected  therewith.  I  understand  from  him  that  his 
investigations  are  not  yet  finished,  and  that  much  of  the  material  collected 
is  not  yet  in  a  state  to  be  reported. 

During  the  pasW  season,  Mr.  Woethen  has  been  chiefly  occupied  in 
making  a  detailed  section  along  the  valley  of  the  Des  Moines,  and  in  local 
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examinations  in  the  southern  part  of  the  State.  Much  of  this  work  is  not  yet 
in  a  condition  to  be  reported  upon.  The  collection  of  rocks  and  fossils  are  to 
be  examined,  and  the  coals  require  to  be  analyzed  before  the  full  results  can 
be  given. 

The  preliminary  work  is  now  so  far  accomplished,  that  the  detailed  exa- 
mination of  counties  and  particular  districts  may  be  at  once  begun,  with  a 
view  to  the  preparation  of  a  geological  map  of  the  State,  which  shall  indi- 
cate the  localities  and  limits  of  the  several  geological  formations. 

Extensive  collections  of  the  rocks,  minerals  and  fossils,  have  been  made 
from  all  parts  of  the  State  examined  :  these,  with  the  exception  of  specimens 
taken  for  subsequent  investigation,  have  been  forwarded  to  Iowa  city  in 
accordance  with  the  directions  of  your  Excellency. 

It  is  very  important,  both  for  the  advantage  and  progress  of  the  survey, 
as  well  as  for  the  future  value  of  this  collection,  that  some  proper  place  be 
assigned  for  its  reception,  in  order  that  the  specimens  now  lying  in  boxes 
may  be  arranged  and  labelled  with  their  proper  names  and  localities. 

I  have  the  honor  to  remain 
Your  Excellency's  very  obedient  servant, 

December,  1856.  JAMES  HALL,  State  Geologic. 

On  the  receipt  of  this  Report  by  Governor  Grimes,  the  subject  was 
brought  before  the  Legislature  of  the  State,  and  the  following  enact- 
ment and  resolutions  were  passed. 

AN"  ACT  MAKVSTG  PROVISIOJST  FOR  THE  CONTimiATIOI^  OF  THE 
GEOLOGICAL  SURVEY  OF  THE  STATE. 

Section  1.  Be  it  enacted  by  the  General  Assembly  of  the  State  of  lowa^ 
That  there  be  and  is  hereby  appropriated  from  the  treasury  of  the  State, 
out  of  any  monies  not  otherwise  appropriated,  the  sum  of  ten  thousand  dol- 
lars, to  aid  in  the  further  prosecution  of  the  geological  survey  of  the  State, 
and  to  be  expended  under  the  direction  of  the  Governor. 

^  2.  All  geological  specimens  and  fossils  collected  during  said  survey  are 
hereby  granted  to  the  State  University-,  and  shall  be  deposited  and  carefully 
kept  in  a  cabinet  to  be  by  that  institution  devoted  to  this  purpose. 

§  3.  This  Act  shall  take  effect,  and  be  in  force  from  and  after  its  publica- 
tion in  the  Iowa  City  Republican  and  the  Iowa  Capital  Reporter. 

SAMUEL  M'PARLAND, 
Speaker  of  the  House  of  Repreientativea, 

W.  W.  HAMILTON, 

MreMent  of  the  Senate, 
Afpboved  —  January  24, 1857. 

JAMES  W.  GRIMES,  Governor. 
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JOINT  KESOLVTIONS  TO  PROVIDE  FOR  THE  PRINTUSTG  OF 
THE  REPORT  OF  THE  STATE  GEOLOGIST. 

Resolved  hy  the  General  Assembly  of  the  State  of  lotoa^  That  the  Go- 
yernor  be  and  is  hereby  authorised  to  procure  the  printing  of  two  thousand 
copies  of  the  Report  of  the  State  Geologist ;  and  that  he  cause  one  copy 
thereof  to  be  transmitted  to  each  member  of  the  General  Assembly,  and  the 
remainder  to  be  deposited  in  the  office  of  the  Secretary  of  State. 

Resolved,  That  the  Governor  be  further  authorized  to  draw  his  warrant 
on  the  State  Auditor  for  the  expense  thereof,  who  shall  audit  and  allow  the 
same. 

Appboysd — January  29, 1857. 

JAMES  W.  GRIMES,  Governor. 

After  the  passage  of  the  foregoing  Act  and  Resolutions,  Governor 
GRiBfEs  returned  the  Report  of  progress  to  the  State  Geologist,  re- 
quiring him  to  prepare  a  volume  which  should  include  the  results 
of  the  field  work  of  1857,  and  to  ^^  cause  the  same  to  be  printed  in 
large  good  type  on  excellent  paper,  with  wide  margins,  with  all  pro- 
per and  necessary  illustrations,  bound  in  cloth".  The  volume  was 
directed  to  be  of  such  a  character  as  to  form  a  part  of  the  complete 
work  on  the  geology,  palaeontology,  agricultural  and  other  economi- 
cal resources  of  the  State,  as  contemplated  in  the  original  act. 

The  accompanying  volume  has  been  prepared  in  accordance  with 
the  enactments  and  directions  above  given.  It  is  hoped  that  it  may 
meet  the  expectation  of  the  enlightened  legislators  who  have  enacted 
the  laws,  as  well  as  of  the  Executive  who  has  on  all  occasions  mani- 
fested the  most  lively  interest  in  the  progress  of  the  work,  and  that 
the  results  here  given  may  prove  of  real  interest  and  importance  to 
the  People  of  the  State. 


5RRATA  ET  CORRIGENDA. 

Page  40,  line  8  from  top,  after '  recognized  %  add  *  as  the  Hudson-river  group '. 
Page  48,  sixth  line,  for  '  Iowa  river',  read  *  Upper  Iowa  river '. 
Page  78,  first  line  of  note,  for  'Spirigera*,  read  'Nucleoapira'. 
Page  174,  diagram  flg.28,  for  'coal  1  foot',  read  'coal  8  foot'. 
Page  208,  thirteenth  line  from  top,  for  '  lily  stars ',  read  '  lUy  stones '. 
Page  479,  under  the  generic  description  of  MegUtocrintUf  seventh  line  from  bottom,  for 
'five',  read  'four'. 

Page  484,  under  generic  formula  of  PertremUeM,  second  line,  for  '  1X9 ',  read  *  1X5 '. 
Page  484,  under  generic  description,  line  6,  for  '  pentagonal  plates',  read  '  pentagonal 

basal  plates'. 
Page  486,  for  '  Plate  ii,  fig.  8  ',  read  '  Plate  i,  fig. 4 '. 
Page  492,  ninth  line  from  top,  for  '  L.  demUsa ',  read  '  5.  demista*. 
Page  499,  for  '  Plate  vii,  fig.  1 ',  read  '  Plate  vii,  fig.  2  '  ;  and  the  same  in  the  reference 

to  Plate  vii,  page  500. 

Page  504,  for  <Spiriffer  snlHaacronatas  %  read  <Spiriffer  snbattena- 

atus';  and  same  on  page  505,  fifteenth  line  from  top. 
Page  507,  twelfth  line  from  bottom,  for  '  S.  aubmucronatus  \  read  '  8.  ntbattenuatut '. 
Page  512,  line  17,  for  '  Spirifer  parry anui\  read  '  Spirifer  biplicattu\ 
Page  529,  in  references  to  figures  on  Plate  viii,  erase  letter  c. 

Page  540,  in  description  of  Platycrinut  nucleiformUf  read  '  anal  plate  large,  hexagonal'. 
Page  560,  note  at  bottom  of  page,  last  line,  for  *j3gar%eocrinu$\  read  '  jSgaricocrinitu' . 
Page  562,  under  generic  formula  of  jSgarieocrintu,  after  '  interradial  plates',  add  '1-3'. 
Page  568,  jictinocrlntu  unicornis,  fifth  line  of  description,  read  '  first  radial  plates, 

two  heptagonal  and  three  hexagonal'. 

Page  569,  explanation  of  diagram,  third  line,  for  '  second  radials',  read  '  second  inter- 
radials ' . 

Page  570,  twelfth  line  from  bottom,  for  '  first  radials  heptagonal ',  read  '  first  radials, 
two  heptagonal'. 

Page  574,  under  Actinocrinw  tymmetricu$,  second  line  of  description,  for  '  heptagonal', 
read  '  pentagonal'. 

Page  576,  under  Jtetinocrinus  comigerus,  fourth  line  of  description,  for  *  first  radial 
plates  hexagonal',  read  '  two  heptagonal'. 

Page  577,  under  jSctinocrinus  pentagonua,  third  line  of  description,  for  '  two  equal 
hexagonal ',  read  *  two  equal  and  irregularly  hexagonal '. 

Page  578,  first  line  :  '  Second  radials,  one  hexagonal,  the  others  octagonal'. 

Page  580,  second  line  from  top,  for  '  pentagonal',  read  '  hexagonal'. 

Page  581,  sixth  line  from  top,  after  '  hexagonal',   add  '  and  heptagonal'. 

Page  581,  second  line  from  bottom,  for  '  Fig.  19 ',  read  '  Fig.  10 '. 

Page  588,  jicHnocrinu$  ornatuSf  fourth  line  of  description,  for  '  Radial',  read  *  First 
radial'. 

Page  585,  seventh  line  from  bottom,  read  '  Third  radials  supporting',  etc. 

Page  589,  under  jictinoerintu  longirostris,  eighth  line  of  description,  read  '  Third  ra- 
dials hexagonal  or  heptagonal '. 

Page  596,  under  references  to  plate,  add  '  Fig. 6  c,  base  of  specimen'. 

Page  608,  under  references  to  plate,  add  '  Fig.  4  e,  interior  of  ventral  valve,  showmg 

the  dental  lamellae'. 
Page  607,  under  reference  to  figure  1,  for  '  half  as  great ',  read  '  twice  as  many '. 
Page  638,  under  Productus  M€tigeru8,  for  '  Plate  xviii ',  read  '  Plate  xix '. 


CHAPTER  I. 
PHYSICAL  GEOGRAPHY. 


BovvDAuss  or  the  Stats  or  Iowa— Aria— CoNriauKATioir  or  its  SuKrAOi — Skotiohs 

ACROSS  THE  StATE  niOM  EAST  TO  WEST — AxOUNT  Or  DESOENTOr  THE  MISSISSIPPI  RlYBB 

— Obstruotiohs  to  hatiqatioh — ^Fall  or  the  Missouri — Character  or  its  vayiqa- 
TioM — ^Tributaries  or  the  Mississippi — ^Thb  Dbs  Moiees — ^The  Cedar— The  Iowa— 
The  Wapsepieioon — The  Turkey  aed  Fpper  Iowa  Riters — Riters  teibutabt  to 
THE  Missouri — Mounds — ^Prairies — Riter  or  Bottom  Prairies — ^Riyer  BLurrs— 
RoixiEO  Prairie — ^Elevation  aed  Distributioe  or  the  Prairie  Rboioe — Character 
or  its  SuRrAOE — ^Pecuuarities  or  Soil — ^Yegetatioe — Theories  or  the  roRMATiov 
or  the  prairies — Climate  or  Iowa — Meteorological  Tablea— iRrBRENOBs  rBOx  the 
Tables. 

Bbforb  entering  upon  a  description  of  the  geological  struc- 
ture of  the  State  of  Iowa,  which  is  the  especial  object  of 
this  Report,  it  will  be  proper  to  give  a  sketch  of  the  phy- 
sical geography  of  the  region  whose  geology  we  have  been 
investigating.  In  every  part  of  the  world  we  see  a  most  in- 
timate connection  between  the  configuration  of  the  surface 
and  the  geological  structure  of  any  particular  district ;  and  it 
will  be  shown  in  the  course  of  this  Report,  that  every  pe- 
culiarity of  the  topography  of  the  Northwest  is  the  faithful 
reflection  of  the  nature  of  the  underlying  rocky  strata,  or 
the  final  result  of  those  agencies  whose  workings  it  is  the 
province  of  the  geologist  to  investigate. 

The  State  of  Iowa  has  nearly  the  figure  of  a  rectangular 
parallelogram;   its  extreme  length  from  east  to  west  is 
about  SOO  miles,  and  its  breadth  a  little  over  200.  Its  north- 
em  boundary  is  the  parallel  of  43^  30',  which  separates  the 
[  Iowa  Suevbt.]  1 
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State  from  Minnesota;  its  southern  limit  is  nearly  in  the 
latitude  of  40°  31'.  The  two  great  rivers  of  the  North  Ame- 
rican continent  form  its  eastern  and  western  boundaries. 
The  Mississippi,  on  the  east,  has  a  general  north  and  south 
course ;  but  forms  an  irregular  arc,  of  which  the  convexity 
is  turned  towards  the  east.  Between  the  mouth  of  Turkey 
river  on  the  north,  and  the  city  of  Muscatine  on  the  south, 
this  bending  of  the  river  is  quite  regular,  and  gives  a  chord 
of  about  90  miles  in  length  between  the  extremities  of  the 
arc,  and  a  c*. stance  of  nearly  50  miles  from  this  chord  to 
the  point  where  the  river  reaches  farthest  to  the  east.  The 
States  of  Wisconsin  and  Illinois  border  Iowa  on  this  side, 
their  mutu..l  boundary  being  the  parallel  of  42"*  30'.  The 
western  limit  of  the  State  is  the  river  Missouri,  as  far  north 
as  the  mouth  of  the  Big  Sioux,  which  river  the  boundary 
line  on  this  side  follows,  until  it  cuts  the  parallel  of  43°  30'. 

The  State,  as  thus  bounded,  includes  an  area  of  nearly 
60,C00  square  miles*. 

The  surface  of  Iowa  is  remarkably  uniform  in  its  altitude. 
It  nowhere  rises  into  an  elevation  which  can  be  called  a 
mountain,  nor  are  the  water-shed  lines  marked  by  distinct 
and  easily  recognizable  ridges.  In  general,  the  western  bor- 
der of  the  State  is  more  elevated  than  the  eastern,  and  the 
northern  higher  than  the  southern.  The  Missouri  has  a  more 
rapid  descent  than  the  Mississippi  in  the  latitude  of  Iowa ; 
and,  besides,  has  a  much  longer  course  from  the  northwestern 
corner  of  the  State  to  its  entrance  into  the  Mississippi,  than 
the  latter  has  from  the  northeastern  corner  to  their  mutual 
junction.  If,  therefore,  we  start  from  the  Mississippi  and 
proceed  westward,  we  shall  find  ourselves  gradually  rising, 
until  we  reach  the  water-shed  between  the  two  rivers ;  and 
on  descending  into  the  valley  of  the  Missouri,  we  shall  be 
at  a  height  above  our  starting  point,  which  will  be  greater, 

•  The  exact  number  of  square  miles  in  the  State  is  not  known  at  the  Surveyor  Gcne- 
raPi  office  :  by  a  rough  calculation,  it  was  estimated  at  67,024. 
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in  proportion  as  the  line  we  have  traversed  is  nearer  to  the 
north  boundary  of  the  State.  Each  successive  crossing  of  the 
streams  emptying  into  the  Mississippi,  we  shall  find  to  be  a 
little  higher  than  the  preceding  one,  as  we  advance  from 
the  east  towards  the  west.  This  will  be  exemplified  by  the 
following  tables  of  heights,  obtained  from  the  Engineers  of 
the  "Dubuque  and  Pacific"  and  "Mississippi  and  Missouri" 
railroads. 


TABLE  OF  HEIGHTS  ABOVE  LOW-WATER  IN  THE  MISSISSIPPI  RIVER 

AT  DUBUQUE, 

LocALiTT.                                   Distance  from  Miss.  Riv«r  at  Dabuque,  Elex'alion, 

iu  nuleft.  iu  feet 

Bailroad  track,  ascending  the  Catfish  valley . .       4  84 

6  183 

6.3  170 

7.3  188 

8.3  230 

9.2  271 

10.3  802 

13.6  444 

21.2  492 

22,2  620 

North  fork  of  Makoqueta,  high  water 28.8  352 

Railroad  track 30.9  350 

40.2  489 

South  fork  Makoqueta  river 45.9  825 

Railroad  track 50.3  456 

Prairie  creek • 53.1  404 

Railroad  track 57.2  485 

Buflfalo  creek 59.5  405 

Railroad  track 60.3  41^1 

Independence 68.5  330 

Wapsepinicon  river  (300  feet  wide ) 69  810 

Railroad  track 74.2  402 

Cedar  river  (high-water  mark) 92.4 

Railroad  track 106.7  307 

115.3  350 

South  fork  Beaver  creek 116.9  345 

Summit  between  Iowa  and  Cedar  rivers 135  575 
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LocALZTT.  DHtance  ft-om  Mw§,  River  at  DDbooafl^       Elevation, 

in  milet.  in  feet. 

Iowa  river  ( bed  of  stream) 141.7  463 

Sxunmit  between  Iowa  and  Boone  rivers 162  750 

Boone  river  ( bed  of  stream ) 169  410 

Summit  between  Boone  and  Des  Moines  rivers,  175  550 

Des  Moines  river  ( 800  feet  wide ) 189.2  377 

Summit  between  Des  Moines  and  Goon. .  •  •  •  •  231  719 

Goonriver  (bed  of  stream) 236  669 

Summit  between  Goon  and  Little  Sioux 250  849 

Little  Sioux  river 263  504 

Summit  between  Little  Sioux  and  Floyds. .  • .  271  819 

Floyds  river 515 

Missouri  river 347 

The  above  elevations  are  on  the  route  of  the  Dubuque 
and  Pacific  railroad,  which  has  its  eastern  terminus  at  Du- 
buque, and  its  western  near  the  mouth  of  the  Big  Sioux  at 
Sioux  city.  The  table  which  follows  gives  the  elevation  of 
some  of  the  principal  points  along  the  line  of  the  Missis- 
sippi and  Missouri  railroad  which  extends  from  Davenport 
to  Council  Bluffs. 

TABLE  OF  HEIGHTS  ABOVE  LOW-WATER  OF  THE  MISSISSIPPI  RIVER 

AT  DAVENPORT. 

LocALiTT.  Disumee  from  llfinuBi|iiii  river,       EleTation, 

in  miles.  in  feet 

Iowa  river,  low-water  mark 56  98 

Summit  between  Iowa  and  Skank  rivers 122  440 

North  Skunk  river 130  290 

Sonth  Sknnk  river 155  235 

Snmmit  between  North  and  South  Skunks. .  • .  150  425 

Des  Moines  river 180  227 

Summit  between  Mississippi  and  Missouri. .  •  •  245  967 

Missouri  river •  •  •  •  • 310  425 

From  the  above  levellings,  it  will  be  seen  that  the  Du- 
buque and  Pacific  road  ascends  the  valley  of  the  Catfish  by 
a  grade  averaging  about  30  feet  to  the  mile  for  a  distance  of 
15  miles  from  Dubuque,  when  the  general  level  of  the  prairie 
is  reached)  and  the  road  runs  along  at  a  level  varying  from 
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450  to  500  feet  above  the  Mississippi,  until  it  reaches  the 
valley  of  the  North  Makoqueta,  which  it  crosses  at  an  ele- 
vation of  352  feet.  Thence,  the  surface  of  the  country  west 
to  the  South  Makoqueta  varies  in  altitude  from  400  to  450 
feet;  attaining,  at  the  highest  point  between  those  two 
streams,  an  elevation  of  489  feet,  at  the  distance. of  40.2 
miles  from  Dubuque.  At  the  point  where  the  south  fork  of 
the  Makoqueta  is  crossed  by  the  railroad,  its  elevation  is  325 
feet ;  and  from  here  west  to  the  Wapsepinicon  river,  a  dis- 
tance of  twenty-three  miles,  the  general  height  of  the 
surface  is  about  450  feet,  with  variations  of  40  or  50  feet  of 
depression  or  elevation.  Prom  the  Wapsepinicon  to  Cedar 
river  the  general  level  of  the  country  is  lower  than  it  was 
farther  east,  being  about  350  feet ;  and  the  Cedar  itself  is  50 
feet  lower  than  the  Wapsepinicon.  The  Iowa  is,  on  the  other 
hand,  over  200  feet  higher  than  the  Cedar,  and  the  elevation 
of  the  surface  between  that  river  and  the  Des  Moines  is 
between  550  and  650  feet.  The  Des  Moines  is  lower  than 
the  Iowa  river,  by  a  little  over  50  feet ;  the  former  river 
being  much  the  larger  of  the  two,  and  having  cut  its  channel 
deeper  in  proportion.  From  the  Des  Moines,  the  road  runs  in 
almost  a  straight  line,  for  a  distance  of  about  60  miles  to  the 
head  waters  of  the  Little  Sioux  river,  and  crosses  Coon  river 
at  an  elevation  of  670  feet,  while  the  general  level  of  the 
region  between  the  two  rivers  is  from  630  to  660  feet.  West 
of  the  Coon  the  ground  rises  gradually,  and  at  its  culmina- 
ting point,  250  miles  from  Dubuque,  attains  an  elevation  of 
849  feet.  The  road  strikes  Floyd's  river  about  18  miles  from 
Sioux  city,  at  an  elevation  of  574  feet  above  the  Mississippi, 
and  descends  along  its  course  to  the  Missouri,  which  is  347 
feet  higher  than  the  Mississippi  at  Dubuque. 

Thus  it  appears  that  there  is  a  gradual  rise  of  the  surface 
from  the  east  to  the  west,  as  far  as  the  water-shed  between 
the  streams  flowing  into  the  Missouri  and  the  Mississippi, 
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which  is  much  nearer  to  the  former  than  the  latter  river, 
more  than  three-quarters  of  the  surface  of  the  State  being 
drained  by  streams  flowing  to  the  southeast. 

The  elevation  of  the  eastern  border  of  the  State,  above 
the  level  of  the  sea,  is  at  McGregor  about  624  feet ;  opposite 
the  mouth  of  Platte  river  613  feet,  according  to  the  Wiscon- 
sin railroad  surveys. 

The  annexed  table  exhibits  the  elevation  of  the  Missis- 
sippi river,  above  the  sea  level,  at  some  of  the  more  impor- 
tant points  between  the  mouth  of  the  Ohio  and  Prairie  du 
Chien. 

LocALiTT.    ^  Elevation  in  feet 

Prairie  du  Chien  ( by  R.  R.  surveys ) 625 

Mouth  of  Platte  river  "  613 

Dubuque  «♦  610 

Head  of  Upper  rapids  **  581 

Rook  island  "  555 

Flint  river  (Nicollet) 486 

Mouth  of  the  Des  Moines       **         444 

St.  Louis  ( Engelmann ) 381 

Mouth  of  the  Ohio  (R.  R.  surveys) 290 

From  Dunleith,  opposite  Dubuque,  to  Cairo,  at  the  mouth 
of  the  Ohio,  according  to  the  Illinois  Central  railroad  sur- 
veys, the  descent  is  about  320  feet ;  the  railroad  track  at 
Dunleith  being  347.72  feet  above  low- water  mark  at  Cairo, 
and  27  feet  above  low-water  at  Dunleith.  This  would  give 
for  the  descent  of  the  river,  the  distance  being  estimated  at 
586  miles,  0.54  foot  or  about  six  and  a  half  inches  per  mile. 
From  Prairie  du  Chien  to  Cairo,  by  railroad  levellings,  the 
fall  is  334  feet,  the  distance  being  estimated  at  652  miles  : 
these  data  give  a  descent  of  0.51  foot  per  mile,  or  just  about 
six  inches.  This  fall,  however,  is  not  uniformly  distributed, 
as  there  are  two  important  rapids  within  the  limits  of  the 
State  of  Iowa,  the  only  ones  which  interrupt  the  navigation 
of  the  river  between  its  mouth  and  the  Falls  of  St.  Anthony, 
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a  distance  of  about  2200  miles.  The  obstructions  here  alluded 
to  are  called  the  Upper  and  Lower  Rapids.  The  Lower  ra- 
pids, or  Des  Moines  rapids,  extend  from  about  three-fourths 
of  a  mile  above  Keokuk,  nearly  up  to  Montrose,  a  distance 
of  eleven  miles.  The  fall  in  this  distance,  according  to  Cap- 
tain  Lbe,  is  a  little  over  twenty-four  feet  (24.015  feet),  or 
more  than  four  times  the  usual  descent  of  the  river  in  the 
same  distance.  The  Upper  rapids  extend  from  the  lower 
extremity  of  Rock  island,  at  the  point  where  the  river  is 
now  crossed  by  the  railroad  bridge,  to  the  town  of  Le  Claire, 
about  fourteen  miles.  The  fall  of  the  Upper  rapids  is,  on 
the  same  authority  before  cited,  25.74  feet.  There  is  no 
doubt  that  it  is  possible,  at  a  moderate  expense,  to  render 
the  passage  of  both  the  Upper  and  Lower  rapids  much  less 
difficult  than  at  present,  and  indeed  Congress  has  more  than 
once  taken  the  matter  in  hand;  but,  the  appropriations 
having  been  too  small  to  effect  the  object  at  once,  so  that 
the  work  could  not  be  continuously  carried  on,  but  little  has 
been  accomplished  compared  with  that  which  would  have 
been  done,  had  the  work  gone  on  uninterruptedly.  The  ob- 
structions being  ledges  of  rocks,  and  not  shifting  sand-bars, 
whatever  is  once  done  will  not  require  to  be  done  over  again, 
and  it  is  much  to  be  desired  that  this  important  work  should 
be  resumed  and  finished  without  delay.  At  present  the 
Lower  rapids  amount  almost  to  a  total  interruption  of  the 
navigation  of  the  river,  as  it  is  only  at  the  highest  stage  of 
water  that  loaded  boats  can  pass,  and  a  railroad  has  been 
constructed  from  Keokuk  to  Montrose  for  facilitating  the 
transfer  of  freight  and  passengers.  The  Upper  rapids  can 
be  passed  by  small  boats,  lightly  loaded,  during  almost  the 
entire  season  of  navigation ;  but  there  is  always  more  or 
less  danger,  the  channel  being  exceedingly  crooked;  and, 
besides  the  danger  of  running  aground,  there  is  always  a 
delay  at  low  stages  of  water,  if  the  air  is  not  still,  as  the 
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channel  cannot  be  kept  by  the  pilot,  except  when  the  sur- 
face of  the  water  is  unruffled. 

The  navigation  of  the  Missouri  is  vastly  more  difficult 
and  dangerous  than  that  of  the  Mississippi.  The  current  is 
much  more  rapid,  as  the  descent  of  the  Missouri  is  nearly 
one  foot  per  mile,  from  the  mouth  of  the  Big  Sioux  to 
its  entrance  into  the  Mississippi.  According  to  Nicollet,  the 
elevation  of  the  Missouri  at  Council  Bluffs,  derived  from 
a  series  of  barometrical  observations  continued  during  se- 
veral months,  is  1023  feet.  This  result  agrees  pretty  nearly 
with  the  railroad  levellings,  which  make  the  river  at  Council 
Bluffs  425  feet  higher  than  the  Mississippi  at  Davenport ; 
and  if  we  take  550  feet  as  the  height  of  the  last  named  point, 
it  will  give  975  feet  as  the  elevation  of  the  Missouri.  The 
altitude  of  the  mouth  of  the  latter  river  is  388  feet,  and  the 
distance  from  Council  Bluffs  to  this  point  about  673  miles. 
These  data  will  give  a  fall  of  about  one  foot  per  mile  between 
these  two  points,  a  rate  of  descent  just  about  the  double  of 
that  of  the  Mississippi  in  the  corresponding  portion  of  its 
course.  It  may  be  here  noted,  for  convenient  reference,  that 
the  fall  of  the  united  rivers,  from  the  mouth  of  the  Ohio 
to  the  Gulf  of  Mexico,  has  been  made  out  by  Mr.  Ellbt  to 
be  about  2.8  inches  per  mile,  or  four  times  less  than  that  of 
the  Missouri  in  the  lower  part  of  its  course.  In  consequence 
of  the  extreme  rapidity  of  the  current  and  the  shifting  sand 
bars  with  which  it  is  encumbered,  and  which  it  is  not  in  the 
power  of  the  engineer  to  control,  the  Missouri  river  will 
probably  cease  to  be  of  much  value  to  the  western  part  of 
Iowa  as  a  means  of  transportation,  after  the  system  of  rail- 
roads crossing  the  State  from  east  to  west  shall  have  been 
completed. 

The  smaller  streams  which  drain  the  State  of  Iowa  may 
be  divided  into  two  systems,  one  of  which  comprises  the 
rivers  emptying  into  the  Mississippi,  and  the  other  those 
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which  run  into  the  Missouri.  Much  the  larger  part  of  the 
State  is  watered  by  affluents  of  the  former  river.  This  will 
be  seen  at  once  by  reference  to  the  annexed  diagram,  fig.  1, 
on  which  is  designated  the  water-shed  between  the  streams 
flowing  into  the  two  great  rivers  which  form  the  eastern 
and  western  boundaries  of  the  State. 

Fio.  1. —  Diagram  of  water-shed. 


These  two  systems  of  rivers  run  nearly  at  right  angles 
with  each  other,  those  falling  into  the  Mississippi  having  a 
course  from  northwest  to  southeast  nearly,  while  those  which 
empty  into  the  Missouri  run  towards  the  southwest ;  except 
along  the  southern  border  of  the  State,  where  they  have  a 
nearly  south  course.  This  would  indicate  the  existence  of 
two  sets  of  flexures  or  fractures,  at  right  angles  to  each 
other,  as  having  determined  the  course  of  the  drainage  of 
the  State.  There  is  no  evidence  of  actual  fractures  having 
occurred  in  the  rocky  strata,  as  the  vallies  seem  in  all  cases 
to  be  vallies  of  erosion ;  but  it  seems  hardly  possible  not  to 
admit  that  the  sur&ce  must  have  been  folded  or  bent  in  a 
[Iowa  Sukvet.]  2 
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series  of  low  swells,  having  a  northwest  and  southeast  di- 
rection, with  minor  flexures  at  right  angles  to  this.  The  ex- 
istence of  these  two  lines  of  elevations  or  flexures  may  be 
traced  over  a  great  extent  of  surface,  in  Missouri,  Nebraska, 
and  Minnesota. 

Of  the  streams  which  are  tributaries  to  the  Mississippi 
or  Missouri,  the  most  important  is  the  Des  Moines*,  which 
rises  in  a  group  of  lakes  just  on  the  border  of  Iowa  and  Ne- 
braska, and  flows  diagonally  across  the  State  from  northwest 
to  southeast,  entering  the  Mississippi  at  the  extreme  south- 
eastern corner  of  the  State,  and  forming  its  southern  boim- 
dary  for  the  last  twenty-five  miles  of  its  course.  A  large 
extent  of  sm*face  in  the  interior  of  the  State  is  drained  by 
this  river  and  its  tributaries,  of  which  the  Racoon,  or  Coon 
as  it  is  usually  called,  is  the  most  important.  A  company, 
called  the  "  Des  Moines  Navigation  and  Railroad  Company'*, 
has  been  v^rganized  to  improve  the  channel  of  this  river  by 
building  dams  at  the  various  rapids,  in  order  to  establish  a 
system  of  slack-water  navigation.  There  are  twenty-eight 
dams  proposed  between  the  mouth  of  the  river  and  Des 
Moines,  which  will  afford  valuable  water-power ;  but,  as  the 
valley  of  the  river  is  not  a  lumbering  country,  it  is  not  to  be 
supposed  that  river  navigation,  when  interrupted  by  so 
many  locks,  will  be  able  to  compete  with  railroads  in  the 
conveyance  of  either  freight  or  passengers.  The  importance 
of  our  rivers,  especially  of  the  smaller  ones,  as  aflfording  fa- 
cilities for  transportation,  is  rapidly  diminishing,  as  the  vast 
network  of  railroads  is  extending  over  the  western  country. 

*  According  to  Nicollet,  the  name  Des  Moines,  which  has  'been  attached  to  the  largest 
river  and  the  capital  of  the  State  (  Des  Moines  city),  is  a  corruption  of  an  Indian  word 
signifying  '*  at  tlio  road".  He  remarks,  '*  but,  in  later  times,  the  inhabitants  associated 
this  name  (  Riviere  Des  Moine)  with  that  of  the  Trappist  Monks  {Moines  de  la  Trapped 
who  resided  on  the  Indian  mounds  of  the  American  bottom.  It  was  then  concluded  that 
the  true  reading  of  the  Riviire  Des  Moins  was  the  '  Riviire  Des  Moines',  or  River  of 
the  Monks,  by  which  name  it  is  designated  on  all  the  modem  maps."  Nicollet's  Ilepor^, 
page  22. 
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The  above-mentioned  company  has  a  grant  of  land,  to  aid 
in  the  construction  of  their  improvements,  sufficient  to  en- 
able them  to  build  a  railroad  up  the  valley  of  the  river. 

The  Red  Cedar,  or  Cedar  as  it  is  usually  called,  is  the 
next  stream  in  importance.  Its  sources  are  in  the  lake  region 
of  Southern  Minnesota,  a  few  miles  north  of  the  Iowa  line, 
and  its  course  is  nearly  parallel  with  that  of  the  Des  Moines, 
until  it  arrives  within  ten  miles  of  the  Mississippi,  when  it 
bends  gradually  to  the  southwest,  a  course  at  right-angles 
with  its  former  one,  and  after  flowing  about  25  miles  emp- 
ties into  the  Iowa,  which,  although  considerably  the  smaller 
stream,  retains  its  name  after  the  junction  of  the  two.  Water- 
power  is  abundant  along  this  stream  and  its  tributaries,  es- 
pecially in  the  upper  part  of  its  course,  as  on  Shellrock  and 
Lime  creeks,  in  Worth,  Cerro  Grordo  and  Floyd  counties. 

The  Wapsepinicon,  or  Wapsi,  as  it  is  generally  designated 
by  the  settlers,  drains  a  narrow  belt  between  the  Cedar  and 
Turkey  rivers.  The  stream  is  probably  over  250  miles  in 
length,  following  its  meanderings;  while  the  width  of  the 
area  drained  by  it  is,  for  a  considerable  part  of  its  course, 
not  more  than  from  eight  to  twelve  miles,  a  remarkable 
illustration  of  the  ridging  of  the  surface  of  the  State  in  nar- 
rcw  folds  as  previously  mentioned. 

The  remaining  portion  of  the  northeast  corner  of  the 
State  is  drained  by  the  Turkey,  Yellow  and  Upper  Iowa 
rivers  and  their  tributaries.  This  region  is  more  broken  and 
ijregular  than  any  other  part  of  the  State,  and  the  streams 
have  usually  cut  deep  into  the  rocks.  Their  descent  is 
quite  rapid,  and  they  furnish  ample  water-power  at  numer- 
ous points.  The  Upper  Iowa  runs  through  a  remarkably  pic- 
turesque valley,  bordered  by  bluffs  which  are  from  300  to 
400  feet  high,  and  display  a  variety  of  gracefully  curving 
slopes,  interrupted  by  bold  and  striking  precipices. 

The  western  side  of  the  State  is  traversed  by  numerous 
water-courses,  which  have  a  general  direction  at  right-angles 
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to  that  of  the  principal  streams  on  the  eastern  side.  None  of 
them  are  navigable,  unless  it  be  the  Big  Sioux,  which  forms 
part  of  the  w^estem  boundary  of  Iowa.  In  regard  to  the  to- 
pography of  this  portion  of  the  State,  we  have  but  little 
information,  and  its  consideration  will  be  deferred  until  a 
future  Report. 

Although  there  are  no  elevations  within  the  borders  of  the 
State  which  can  be  called  mountains,  yet  there  are,  in  its 
northern  portion,  a  few  isolated  rocks,  or  hills,  to  which  the 
name  of  ^^  mounds''  is  given.  These  mounds  are  small  patches 
of  rock  which  have  escaped  the  general  denudating  influences 
which  have  removed  the  rocky  strata  over  a  great  extent  of 
country  and  to  a  considerable  depth.  The  region  in  which 
they  occur  is    nearly    coextensive   with    that  in   which 
lead  has  been  found,  and  they  are  all  geologically  identical,  / 
as  they  are  capped  with  the  hard  beds  of  the  Niagara  group, 
and  have,  at  their  bases,  the  soQ^  shales  of  the  Hudson-river  , 
group.  '•    .^.V:^--<'^'-^  ^       ''/^^   ^-/-^    /;■' 

The  most  easterly  of  the  mounds  are  within  the  bordi^rs 
of  Wisconsin,  and  on  the  extreme  eastern  edge  of  the  lead 
region.  These  are  the  Blue  mounds,  two  dome-shaped  emi- 
nences, which  rise  in  the  midst  of  the  prairie,  and  are  quite 
conspicuous  objects,  owing  to  their  isolated  position  in  a 
gentle  undulating  country.  Farther  west  are  the  Platte 
mounds,  a  group  of  three  detached  elevations,  about  six  miles 
northeast  of  Platteville.  Sinsinnewa  mound,  six  miles  east 
of  Dubuque,  is  also  in  Wisconsin ;  it  is  591  feet  above  the  «» 
Mississippi,  at  Dunleith,  and  about  225  feet  above  the  general 
level  of  the  prairie  at  its  base. 

In  the  vicinity  of  Galena,  in  Illinois,  there  are  several 
similar  mounds,  of  about  the  same  height  as  Sinsinnewa. 
Pilot  Knob,  near  the  mouth  of  Fever  river,  is  a  conspicuous 
object  to  those  passing  up  and  down  the  Mississippi,  and  has 
long  been  a  well  known  land-mark  to  the  pilot  and  raftsman. 
Waddle's  mound  just  east  of  the  city  is  a  horse-shoe  shaped 
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elevation,  from  the  summit  of  which  a  most  beautiful  view 
of  the  surrounding  country  can  be  obtained,  as,  indeed,  is 
true  of  all  the  other  mounds.  Other  outliers  of  the  Niagara 
in  this  region  are  Hinckley's  mound,  Jackson's  mound,  and 
others  to  which  no  name  has  been  given. 

In  the  vicinity  of  Dubuque,  Table  mound  is  a  conspicuous 
object.  It  is  situated  about  five  miles  southwest  of  the  city, 
and  is  elevated  472  feet  above  the  Mississippi,  which  is  about 
the  height  of  the  outcrop  of  the  Niagara  limestone  encir- 
cling the  city  of  Dubuque,  at  a  distance  of  from  six  to 
ten  miles.  The  summit  of  Table  mound  is  a  flat,  narrow  ridge 
extending  about  700  feet  in  an  east  and  west  direction,  and 
connected  by  a  low  spur  running  off  to  the  southwest,  with 
the  main  ridge  of  the  Niagara  to  the  south.  Sheraid's  mound 
is  another  elevation  of  a  similar  character ;  it  lies  in  sections 
13  and  14,  T.  90,  R.  I.  E.  Like  Table  and  Sinsinnewa 
mounds,  this  also  is  elongated  in  an  east  and  west  line ;  as  if 
the  current,  by  which  the  rocks  were  scooped  out,  so  as 
to  leave  these  outlying  masses,  had  acted  in  one  or  the  other 
of  these  directions.  The  French  mounds  are  eminences  be- 
tween the  middle  and  south  forks  of  the  Little  Makoqueta, 
along  the  outcropping  edges  of  the  Niagara  in  that  region. 
They  are  about  550  feet  above  the  Mississippi,  while  She- 
raid's  mound  is  a  little  over  600.  The  limit  of  the  Niagara 
limestone  is  distinctly  marked  by  a  bold  bluff  extending  to 
the  northwest,  after  crossing  the  Little  Makoqueta,  up  the 
valley  of  Turkey  river  on  the  south  side  of  the  stream,  and 
gradually  becoming  less  and  less  conspicuous  in  that  direc- 
tion. This  outcropping  edge  is  cut  by  numerous  ravines,  and 
worn  into  long  projecting  points,  in  this  direction ;  but  there 
are  no  isolated  masses,  or  mounds,  which  are  distinct  enough 
to  have  received  a  special  name.  As  a  geological  fact,  the 
formation  of  the  mounds  by  denudation  will  be  noticed 
more  at  length  in  another  part  of  the  Report,  and  some 
sections  will  be  given  illustrating  the  facts  stated  above. 
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The  most  striking  feature  in  the  topography  of  the  north- 
west  is  the  predominance  of  prairies^  a  name  first  applied 
by  the  early  French  settlers,  and  now  universally  adopted, 
to  designate  natural  grass-land,  in  contradistinction  to  the 
wooded  region,  or,  as  it  is  generally  called  throughout  the 
west,  timber-landy  or  simply  timber.  Probably  nine-tenths  of 
the  eastern,  and  a  still  larger  proportion  of  the  western,  half 
of  the  State  of  Iowa  is  prairie.  The  timber  is,  in  general, 
found  skirting  the  streams,  while  the  prairie  occupies  the 
whole  of  the  higher  portion  of  the  country,  with  the  excep- 
tion of  here  and  there  an  isolated  group  of  trees,  standing 
like  an  island  in  the  midst  of  the  ocean. 

In  ascending  from  the  level  of  a  river  to  the  high  land  in 
its  vicinity,  we  first  cross  the  "bottom-land**  or  "  bottom", 
the  portion  of  the  valley  which  is  level,  and,  being  but  lit- 
tle elevated  above  the  surface  of  the  stream,  is  usually  liable 
to  overflow,  especially  at  the  time  of  the  spring  freshets. 
These  bottom-lands  are  almost  always  heavily  timbered  and 
with  a  great  variety  of  trees,  among  which  the  elm,  linden, 
black  walnut,  white  and  burr  oak,  poplar  and  ash  are  the 
most  common ;  with  a  great  number  of  others,  forming, 
especially  in  the  valley  of  the  Mississippi,  a  forest  which 
can  hardly  be  rivalled  in  the  variety  of  species  and 
vigor  of  their  growth.  The  breadth  of  the  river  bottom  is 
very  variable :  along  the  last-named  river,  it  frequently  ex- 
pands to  six  or  eight  miles ,  while,  in  other  places,  there  is 
hardly  more  than  room  for  the  stream  itself  to  pass  between 
the  bluffs.  Generally,  the  width  of  the  valley  is  proportioned 
to  the  size  of  the  stream ;  so  that,  on  the  smaller  tributaries, 

there  is  but  a  narrow  belt  of  low  land,  within  which  the 

• 

stream  meanders,  with  a  very  crooked  course,  crossing  and 
recrossing  from  one  side  of  the  valley  to  the  other.  On  the 
tributaries  of  the  Mississippi  there  are  but  few  traces  of 
terraces  in  the  river  vallies ;  while  on  the  great  river  itself 
there  are,  in  portions  of  its  course,  indications  of  two  diatinct 
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stages  of  elevation.  More  usually,  however,  even  on  the 
Mississippi,  we  rise  from  the  river  bottom  up  to  the  foot  of 
the  bluffs  by  a  gradual  ascent,  without  steps  or  terraces,  the 
face  of  the  country  indicating  an  uninterrupted  and  gradual 
drainage,  rather  than  one  interrupted  by  epochs  of  repose. 

The  river  bottoms  are  not  always  timbered.  In  the  Mis- 
sissippi valley,  there  are  newly-formed  islands  and  patches 
of  land,  often  of  considerable  extent,  which  have  not  as  yet 
been  covered  with  vegetation,  owing  to  their  too  recent  for- 
mation ;  but  which  will,  in  process  of  time,  as  we  may  sup- 
pose, support  as  dense  a  growth  of  timber  as  any  other  part 
of  the  bottom,  unless  the  capricious  stream  shall  again  sweep 
them  away,  before  a  sufficient  time  has  elapsed  for  them  to 
become  covered  with  soil,  by  the  growth  and  decay  of  vege- 
table matter  and  the  deposition  of  river  mud.  Besides  these 
temporarily  bare  patches,  there  are  strips  of  land  along  the 
Mississippi  of  considerable  extent,  just  above  the  level  of  the 
highest  rise  of  the  river,  which  are  called  prairies,  and  are 
indeed  destitute  of  trees,  although  quite  different  in  charac- 
ter from  the  highlands  to  which  that  name  is  usually  applied. 
Prairie  la  Crosse,  Prairie  du  Chien,  Prairie  la  Porte  (the  site 
of  the  town  of  Gutenberg),  the  site  of  Cassville  and  other 
strips  of  land,  especially  on  the  left  bank  of  the  river, 
as  far  down  as  Dubuque,  belong  to  this  class  of  prairies. 
Prairie  du  Chien  for  instance,  which  has  given  its  name  to 
a  rapidly-growing  town,  is  a  belt  of  land  extending  from  the 
junction  of  the  Wisconsin  river  north  for  six  or  eight  miles, 
and  having  a  width  of  from  one  to  one  and  a  half  miles.  It 
slopes  gradually  upwards  from  the  river,  and  has  an  elevation 
of  about  thirty  feet  above  the  usual  stage  of  water.  The  soil 
is  a  dark  reddish-brown  sand,  with  layers  of  small  pebbles 
as  shown  in  the  annexed  section  (  fig.  2  ),  which  represents 
a  depth  of  about  six  feet,  exposed  in  an  excavation  in  the 
town  near  the  Mondell  House*  Back  of  this  strip  of  un- 
wooded  plain,  the  bluffs  rise  almost  perpendicularly  to  the 
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Fio.  2. 
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Sand. 


height  of  nearly  400  feet,  some-* 
^"^  times  the  edge  of  the  prairie  adja- 
"''*'' cent  to  the  river  is  more  elevated 
Sand,  than  that  portion  which  is  nearest 
to  the  hluffs,  as  at  Prairie  la  Porte, 
for  instance,  where  the  river,  at  its 
highest  stage,  almost  surrounds  the 
town  and  converts  the  plain  into  an  island,  as  shown  in  the 
annexed  section,  fig.  3,  in  which  a  represents  the  level  of 
high  water,  and  b  that  of  the  ordinary  stage  of  the  river. 

Fio.  8. —  Section  at  Gutenberg. 


The  soil  of  all  these  low  prairies  is  almost  a  pure  silicious, 
somewhat  ferruginous,  sand,  very  different  from  that  of  the 
high  prairies,  although  in  both  cases  characterized  by  the 
absence  of  trees.  The  cause  of  this  peculiarity  seems  to  be 
the  combined  influence  of  an  extremely  sandy  soil  with 
the  proximity  of  the  river,  which,  under  the  peculiar  cUma- 
tological  relations  of  the  northwest,  exposes  it  to  extremes 
of  moisture  and  dryness,  unsuitable  to  the  growth  of  arbo- 
real vegetation.  Where  the  soil  is  more  clayey,  or  not  made 
up  so  exclusively  of  sand,  there  seems  to  be  no  obstacle  to 
the  most  vigorous  growth  of  forest  trees. 

Farther  down  the  river,  within  the  limits  of  Missouri,  the 
bottom  prairies  are  largely  developed,  and  are  almost  as  im- 
portant as  the  timbered  bottom  lands.  They  seem  to  be  dif- 
ferent in  their  origin  and  nature  from  the  river  prairies 
described  above  as  occurring  on  the  upper  part  of  the  Mis- 
sissippi. The  character  of  their  soil,  a  succession  of  layers 
of  vegetable  mould,  clay  and  sand^  assimilates  them  rather 
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to  the  high  prairies,  and  the  cause  of  the  absence  of  timber 
is  probably  the  same  in  both  cases. 

After  leaving  the  river  bottom,  we  usually  come  directly 
upon  the  "bluflfs",  as  the  steep  rise  out  of  the  vallies  of  the 
streams  on  to  the  general  level  of  the  country  is  usually 
designated  at  the  West.  The  bluffs  form,  next  to  the  prairies, 
the  most  marked  peculiarity  of  the  surface  throughout  the 
Northwest.  Over  a  great  portion  of  the  region  south  and  west 
of  the  great  lakes,  the  rivers  flow  in  vallies,  which  are  some- 
times so  narrow  as  to  become  almost  ravines,  and  which  ap- 
pear to  have  been  eroded  by  the  action  of  water,  their 
depth  and  breadth  increasing  with  the  magnitude  of  the 
stream  and  its  distance  from  its  source.  These  vallies  do  not 
connect  with  the  uplandis  by  a  gentle  rise,  or  sloping  hill- 
sides, but  by  precipitous,  sharply  defined  and,  usually,  rocky 
ascents  or  bluffs.  These  are  often  perpendicular,  or  nearly 
so,  for  a  considerable  portion  of  their  height,  when  the  rock 
is  exposed,  as  is  almost  always  the  case  if  the  valley  has 
any  considerable  depth.  More  usually,  however,  a  steep  talus 
of  rock  and  rocky  fragments,  thinly  covered  with  soil,  is 
crowned  on  the  summit  with  a  crest  of  precipitous  rock, 
worn  in  a  variety  of  fantastic  forms,  and  cut  by  the  deep 
ravines  of  the  streams  coming  in  on  one  side  or  the  other, 
giving  origin  to  the  peculiar  and  picturesque  scenery  of  the 
northwest,  which  is  so  well  known  to  travellers  and  tourists 
upon  the  Upper  Mississippi. 

The  height  of  the  river  bluffs  is  variable,  depending,  as 
before  remarked,  partly  on  the  size  of  the  stream  and  the 
distance  from  its  source,  and  varying,  also,  from  other  and 
more  general  causes,  in  various  districts  of  the  State.  The 
streams  usually  take  their  rise  in  small  depressions  of  the 
high  prairies,  hardly  to  be  noticed  as  being  below  the  gene- 
ral level  of  the  region ;  as  their  course  continues,  their  beds 
gradually  sink,  and  soon  become  bordered  at  points  with 
[Iowa  Sukyit.]  8 
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steep  banks  of  detrital  material  and  then  with  vertical  walls 
of  rock,  which  increase  in  height,  pretty  regularly,  to  the 
entrance  of  the  tributary  into  the  main  valley.  In  the  north- 
eastern corner  of  the  State,  however,  the  vallies  are  deeper 
and  more  precipitous  than  in  any  other  porjtion  of  the  State 
yet  examined  by  us,  and  there  is  a  gradual  diminution  in 
their  depth  towards  the  south.  Thus,  on  the  Mississippi,  in 
the  neighborhood  of  Prairie  du  Chien,  the  general  level  of 
the  high  prairie  is  over  400  feet  above  the  river,  and  there 
is  an  almost  vertical  rise  in  the  bluffs  of  about  300  feet.  At 
Dubuque,  the  edge  of  the  bluff,  which  ascends  steeply  from 
the  river,  is  from  200  to  210  feet  in  elevation  ;  and  there  is 
a  farther  immediate  elevation  of  about  50  to  100  feet  in 
addition,  making  the  whole  height  from  250  to  300  feet.  At 
hui  lington,  the  bluffs  are  from  120  to  140  feet  high,  a  steep 
talus  of  from  100  to  120  feet  being  crowned  by  a  perpen- 
dicular wall  of  from  16  to  30  feet  in  height.  The  tributaries 
of  the  Mississippi  in  the  northeastern  corner  of  the  State 
have  all  cut  deeply  into  the  rocks,  in  the  lower  part  of  their 
course.  Thus,  the  Upper  Iowa  is  bordered  by  bluffs  800  feet 
high  as  far  up  as  New  Galena ;  at  Decorah  their  altitude  is 
from  180  to  140  feet,  but  they  are  neither  as  steep  nor  as 
sharply  defined.  In  the  southern  part  of  the  State  the  streams 
rarely  exhibit  sections  of  as  much  as  100  feet,  where  they 
have  worn  their  channels  the  deepest. 

The  prairie  region  of  the  west  occupies  a  vast  extent  of 
country,  extending  over  the  eastern  part  of  Ohio,  Indiana, 
the  southern  portion  of  Michigan,  the  southern  part  of  Wis- 
consin, nearly  the  whole  of  the  States  of  Illinois  and  Iowa, 
and  the  northern  portion  of  Missouri,  and  gradually  passing, 
in  the  Territories  of  Kansas  and  Nebraska,  into  the  plains^ 
or  the  arid  and  desert  region  which  lies  at  the  base  of  the 
Rocky  Mountains.  This  passage  takes  place  in  the  region 
between  the  parallels  of  97°  and  100%  west  of  which  belt 
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the  country  becomes  too  barren  to  be  inhabited  and  worth- 
less for  cultivation.  The  passage  from  the  heavily  wooded 
region  of  the  North  and  East  into  the  treeless  plains  of  the 
West  is  a  gradual  one,  and  the  disappearance  of  the  under- 
wood and  the  predominance  of  "oak  openings",  or  groves  of 
oak  and  other  forest  trees»  not  crowded  together,  but  scat- 
tered over  the  surface  at  a  considerable  distance  from  one 
another,  without  any  low  shrubs  or  underbrush  between  them, 
is  the  characteristic  of  the  border  of  the  prairie  region.  To 
one  coming  from  the  dense  thickets  of  low  and  tangled  shrubs 
which  choke  the  forests  of  the  North,  and  render  travelling 
through  them  difficult,  even  to  the  pedestrian,  the  open  woods 
of  the  Northwest  offer  a  striking  contrast  to  that  which  has 
been  left  behind,  and  forms  a  natural  introduction  to  the 
grassy  plains  or  prairies. 

The  elevation  of  the  prairie  region  above  the  level  of  the 
sea  gradually  increases  from  the  east  to  the  west.  The  lower 
(Murt  of  Illinois  varies  from  100  to  250  feet  above  the  river 
U  Cairo,  or  400  to  650  feet  above  the  sea  level.  In  the  cen-* 
tral  portion  of  the  State  the  levellings  along  the  line  of  the 
Illinois  Central  railroad  indicate  an  average  elevation  of 
from  650  to  750  feet,  which  increases  towards  the  northern 
boundary  to  800  or  900  feet  above  the  sea.  Some  of  the 
highest  swells  of  the  prairie  attain  an  elevation  of  nearly 
1000  feet.  The  more  elevated  portions  of  Southern  Wisconsin 
are  about  1100  feet  above  tide- water.  The  region  from  the 
Mississippi  westward  is  a  gradually  ascending  plain  as  far 
as  the  very  base  of  the  Rocky  Mountains.  Within  the  limits 
of  Iowa  the  table-land,  along  the  water-shed  between 
ihe  streams  flocving  into  the  Mississippi  and  the  Missouri,, 
the  "  Flateau  du  Coteau  des  Prairies"  of  Nicollet,  attains 
the  altitude  of  from  1400  to  1500  feet  above  the  sea ;  and  to 
the  west  of  the  Missouri  the  ascent  still  continues,  the  soil 
being  more  and  more  arid,  until  at  the  105th  meridian,  an 
elevation  of  5000  feet  is  attained. 
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The  prairie  is  designated  as  "  flat'*  or  "  rolling'*,  its  sur- 
face in  the  one  case  being  nearly  level,  and  in  the  other, 
gently  undulating.  The  flat  prairie  is  found  chiefly  south  and 
west  of  Lake  Michigan,  on  the  head-waters  of  the  Illinois 
and  Wabash  rivers.  In  other  districts  the  rolling  prairie 
greatly  predominates  over  the  flat,  especially  in  Iowa,  where 
there  are  but  few  tracts  of  any  extent,  which  are  not  more 
or  less  undulating.  Even  in  the  rolling  prairie  the  irregulari- 
ties of  the  surface  are  but  trifling  in  amount,  compared  with 
the  vast  extent  which  can  be  taken  in  at  one  view;  so  that 
it  often  happens  that  a  region  which,  seen  from  a  distance, 
appears  to  be  almost  a  dead  level,  is,  in  reality,  furrowed  by 
broad  depressions,  which  give  a  wave-like  character  to  its 
surface.  Thus,  the  traveller  crossing  the  prairie  in  any  direc- 
tion, except  along  its  water-shed,  will  be  surprised  to  find 
himself  constantly  ascending  and  descending,^  although  only 
hills  of  moderate  elevation.  The  depth  of  these  depressions 
below  the  mean  level  of  the  prairie  may  frequently  be  as 
much  as  50  feet ;  but  it  does  not  often  greatly  exceed  that 
amount,  without  the  drainage  becoming  suflicient  to  convert 
the  water,  which  collects  in  them,  into  a  running  stream. 
The  "  swales'*  or  "  sloughs"  of  the  prairie,  as  these  depres- 
sions are  called,  are  wet  and  marshy  except  in  the  dry  sea- 
son ;  and,  in  the  spring  and  autumn  make  the  roads  almost 
impassable. 

The  prairies  are  covered  with  a  dense  vegetation  of  grass 
and  herbaceous  plants,  to  the  almost  entire  exclusion  of  trees* 
which  occur  only,  under  peculiar  circumstances  of  moisture 
and  soil,  in  scattered  groups,  called  groves,  or  along  the 
larger  streams,  or,  occasionally,  on  low  rocky  ridges  which 
sometimes  are  met  with.  This  growth  of  timber  in  the  river 
bottoms  does  not  entirely  disappear  until  we  reach  the  bor- 
der of  the  "  plains",  about  in  the  longitude  of  98**  west  of 
Greenwich.  In  the  swales  or  depressions,  which  are  com- 
paratively humid,  the  grass  grows  very  tall  and  rank ;  and 
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the  higher  and  drier  the  prairie,  the  finer  its  growth,  and 
more  dense  and  closely  interwoven  the  sod.  Among  the  grasses 
of  the  prairie  is  interspersed  a  great  variety  of  flowering 
plants,  which  bloom  in  constant  succession  from  spring  to 
autumn,  and  lend  a  peculiar  charm  to  the  landscape,  giving 
beauty  and  variety  to  what  might,  otherwise,  be  called  a 
monotonous  scene.* 

The  upper  portion  of  the  material  constituting  the  super- 
ficial covering  of  the  prairie  is  always  finely  comminuted, 
and  usually  has  few  loose  boulders  or  fragments  of  rock 
scattered  through  it,  although  they  sometimes  lie  upon  the 
surface  in  isolated  groups,  or  singly.  Upon  the  great  prairies 
in  Central  Iowa,  one  may  frequently  travel  over  a  large 
extent  of  surface,  without  seeing  a  single  stone,  not  even  so 
much  as  the  smallest  pebble.  In  the  swales  and  in  some  of 
the  bottom  lands,  especially  in  the  southern  part  of  the 
State,  the  rich  black  vegetable  mould  is  very  deep,  but  on 
the  prairies  it  is  usually  from  one  to  two  feet.  The  subsoil  is 
almost  invariably  a  quite  argillaceous  loam,  and  there  is  a 
gradual  passage  downwards  into  a  material  in  which,  though 
containing  sandy  portions  and  occasional  pebbles,  the  argil- 
laceous element  greatly  predominates. 

The  thickness  of  the  superficial  deposit  which  must  be 
penetrated  before  reaching  the  solid  rock  is,  of  course,  very 
variable  in  different  parts  of  the  State.  There  are  sometimes 
accumulations  of  clay,  sand  and  loam  to  a  depth  of  nearly 
200  feet ;  while  in  other  places  the  rocks  are  barely  concealed. 
The   deepest  accumulations,  however,  we  conceive   to  be 

•  '*  The  characteristic  herbs  of  the  prairies,  etc.j^ would  seem  to  be  Con^oiittBj  espe.  /         //  tt-* 
ciallv  Helianthoid  Compositn,   snch  as  Helianthui  rigidut,  Ittti/loruSf  occidentaluY'^^   / 
nolliSf  hirndtUf  and  in  the  riTer  bottoms  H.  doronicaidei,  MHnomerit  helianthoidti, 
Careopni  ari&tosa  and  palmataj  Eehinacta  jmrfmrta  and  angutti/olia,  and  especiallj 
.y^'.       JSilphium  laciniatum  (the  Compass  plant),  terebinthenaceunif  integrifoliumf  etc.;  to 
V.  ,.  -*"     ^  which  may  be  added  Cacalia  ttthero»af  NaJbalut  racemo^a,  tuptr  and  erepldineui,  jinf 
"^^Z ,  ^  bratia  bideniata  ttnd  pnlottackya,  Veronica  fuiciculata,  LUUrU  pyenostachya,  Eypa* 

^v  V;      i^^forittiR  Mtrotinumf  Solidaga  ohioentiSjriddeUii  and  mUsouriensiSf  jieter  oblong^olhUf 
/&^      omtretM,  turbitullui  and  $€ric€u$*\  Gkat  :  Am.  Jour.  Sci.  (3)  zxiil^  897. 
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mainly  confined  to  the  yicinity  of  the  great  rivers,  M  we 
have  no  evidence  that,  in  the  interior  of  the  State  and  away 
from  the  water-courses,  the  superficial  deposits  have  anything 
like  the  depth  mentioned  above.  Indeed  the  wells  which  are 
sunk  on  the  prairie  are  usually  quite  shallow,  and  almost 
never,  so  far  as  we  have  observed,  reach  the  rock,  so  that 
we  have  not  the  means  of  ascertaining  accurately  what  the 
depth  of  the  whole  body  of  superficial  material  is.  In  gene- 
ral, water  is  struck  at  from  15  to  30  feet  in  depth,  as  soon 
as  a  more  gravelly  stratum  is  intersected.  The  gravel  which 
is  qiet  with,  oji  sinking  in  the  high  prairie  region,  is  rather 
a  mixture  of  sand  and  clay  with  pebbles  scattered  through 
it,  than  a  proper  gravel.  Crenerally,  away  from  the  river 
courses,  where  a  section  of  the  prairie  deposits  can  be  ob* 
served,  the  fine  material  will  be  found  resting  directly  on 
the  rock  in  place,  the  upper  layers  of  which  are  usually 
broken  into  angular  fragments,  forming  a  bed  two  or  three 
feet  in  thickness  upon  the  surface  of  the  solid  portion  beneath. 
These  fragments  are  sharp  and  angular,  and  bear  all  the 
marks  of  never  having  been  removed  to  any  distance  from 
their  original  position. 

The  material  of  the  superficial  covering  of  the  prairie  has 
evidently  not  been  transported  to  any  great  distance.  It 
bears  the  marks  of  having  had  its  origin  chiefly  in  the  de- 
composition of  the  rocks  which  underlie  it.  The  tendency  of 
many  of  the  limestones  and  shales  of  this  region  to  undergo 
decomposition  and  crumble  to  powder  is  very  great.  This 
may  be  seen  well  exemplified  at  many  of  the  shafts  in  the 
lead  mining  district,  where  the  limestone  rock  thrown  out 
is  frequently  found  to  have  lost  its  coherence,  and  become 
hardly  distinguishable  from  the  soil  on  which  it  lies,  except 
by  its  color.  It  would  be  difficult  to  imagine  a  prairie  soil 
existing  on  crystalline  rocks ;  and,  in  fact,  the  prairies  are 
exclusively  confined  to  regions  underlaid  by  soft  sedimen^ 
tary  strata,  especially  shales  and  impure  limestones. 
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The  subject  of  the  origin  of  the  prairies,  or  the  cause  of 
the  absence  of  trees  over  so  extensive  a  region,  is  one  which 
has  often  been  discussed,  and  in  regard  to  which  diametri- 
cally opppsite  opinions  are  maintained. 

The  idea  is  very  extensively  entertained,  throughout  the 
West,  that  the  prairies  were  once  covered  with  timber; 
but  that  this  has  been  destroyed  by  the  fires  which  the  In- 
dians have  been  in  the  habit  of  starting  in  the  dry  grass, 
and  which  sweep  over  a  vast  extent  of  surface  every  autumn. 
A  few  considerations  will  show  that  this  theory  is  entirely 
untenable. 

In  the  first  place,  the  prairies  have  been  in  existence  at 
least  as  far  back  as  we  have  any  knowledge  of  the  country; 
since  the  first  explorers  of  the  West  described  them  just  as 
they  now  are.  There  may  be  limited  areas  once  covered 
with  woods,  and  now  bare ;  but,  in  general,  the  prairie  region 
occupies  the  same  surface  which  it  did  when  first  visited  by 
the  white  man. 

But,  again,  the  prairies  are  limited  to  a  peculiar  region, 
one  marked  by  certain  characteristic  topographical  and  geo- 
logical features,  and  they  are  by  ho  means  distributed  about 
wherever  the  Indians  have  roamed  and  used  fire.  Had  the 
frequent  occurrence  of  fires  in  the  woods  been  the  means 
of  removing  the  timber  and  covering  the  soil  with  a  dense 
growth  of  grass,  there  is  no  reason  why  prairies  should  not 
exist  in  the  Eastern  and  Middle  States  as  well  as  in  the 
Western.  The  whole  northern  portion  of  the  United  States 
was  once  inhabited  by  tribes  difiering  but  little  from  each 
other  in  their  manner  of  living. 

Again,  were  the  prairies  formerly  covered  by  forest  trees, 
we  should  probably  now  find  some  remains  of  them  buried 
beneath  the  soil,  or  other  indications  of  their  having  for« 
merly  existed.  Such  is  not  the  case,  for  the  occurrence  of 
fragments  of  wood  beneath  the  prairie  surface  is  quite  rare ; 
and  when  they  are  fouud,  it  is  in  such  9k  position  as  to  show 
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that  they  have  been  removed  to  some  distance  from  their 
place  of  growth. 

It  has  been  maintained  by  some,  that  the  want  of  suffi- 
cient moisture  in  the  air  or  soil  was  the  cause  of  the  absence 
of  forests  in  the  Northwest ;  and  it  is  indeed  true  that  the 
prairie  region  does  continue  westward,  and  become  merged 
in  the  arid  plains  which  extend  along  the  base  of  the  Rocky 
mountains,  where  the  extreme  dryness  is  undoubtedly  the 
principal  obstacle  to  the  growth  of  anything  but  a  few 
shrubs,  peculiarly  adapted  to  the  conditions  of  climate  and 
soil  which  prevail  in  that  region.  This,  however,  cannot  be 
the  case  in  the  region  east  of  the  Mississippi  and  near  Lake 
Michigan,  where  the  prairies  occupy  so  large  a  surface ;  since 
the  result  of  metereological  observations  show  no  lack  of 
moisture  in  that  district,  the  annual  precipitation  being  fully 
equal  to  what  it  is  in  the  well-wooded  country  farther  east 
in  the  same  latitude.  Besides,  the  growth  of  forest  trees  is 
rich  and  abundant  all  through  the  prairie  region,  under  cer- 
tain conditions  of  soil  and  position,  showing  that  their  range 
is  not  limited  by  any  general  climatological  cause. 

Taking  into  consideration  all  the  circumstances  under 
which  the  peculiar  vegetation  of  the  prairie  occurs,  we  are 
disposed  to  consider  the  nature  of  the  soil  as  the  prime 
cause  of  the  absence  of  forests  and  the  predominance  of  the 
grasses  over  this  widely-extended  region.  And  although  che- 
mical composition  may  not  be  without  influence  in  bringing 
about  this  result,  which  is  a  question  for  farther  investiga- 
tion, and  one  worthy  of  careful  examination,  yet  we  conceive 
that  the  extreme  fineness  of  the  particles  of  which  the 
prairie  soil  is  composed  is  probably  the  principal  reason 
why  it  is  better  adapted  to  the  growth  of  its  peculiar  vege- 
tation, than  to  the  development  of  forests.  It  cannot  fail  to 
strike  the  careful  observer  that  where  the  prairie  occupies 
the  surface,  the  soil  and  superficial  material  have  been  so 
finely  comminuted  as  to  be  almost  in  the  state  of  an  impal- 
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pable  powder.  This  is  due  partly  to  the  peculiar  nature  of 
the  underlying  rocks  and  the  facility  with  which  they  un- 
dergo complete  decomposition,  and  partly  to  the  mechanical 
causes  which  have  acted  during  and  since  the  accumulation 
of  the  sedimentary  matter  forming  the  prairie  soil. 

If  we  go  to  a  thickly-wooded  region,  like  that  of  the 
northern  peninsula  of  Michigan,  and  examine  those  portions 
of  the  surface  which  have  not  been  invaded  by  the  forest, 
we  shall  observe  that  the  beds  of  ancient  lakes,  which  have 
been  filled  up  by  the  slowest  possible  accumulation  of  de- 
trital  matter,  and  are  now  perfectly  dry,  remain  as  natural 
prairies,  and  are  not  trespassed  on  by  the  surrounding 
woods.  We  can  conceive  of  no  other  reason  for  this  than  the 
extreme  fineness  of  the  soil  which  occupies  these  basins, 
and  which  is  the  natural  result  of  the  slow  and  quiet  mode 
in  which  they  have  been  filled  up.  The  sides  of  these  de- 
pressions, which  were  once  lakes,  slope  very  gradually 
upwards ;  and  being  covered  with  a  thick  growth  of  vege- 
tation, the  material  brought  into  them  must  have  been  of 
the  finest  possible  kind,  as  is  proved  to  have  been  the  case 
by  examination.  Consequently,  when  the  former  lake  has 
become  entirely  filled  up  and  raised  above  the  level  of  over- 
flow, we  find  it  covered  with  a  most  luxuriant  crop  of  grass, 
forming  the  natural  meadows  from  which  the  first  settlers 
are  supplied  with  their  winter  store  of  fodder. 

Applying  these  facts  to  the  case  of  the  prairies  of  larger 
dimensions  farther  south,  we  infer,  on  what  seem  to  be 
reasonable  grounds,  that  the  whole  region  now  occupied  by 
the  prairies  of  the  northwest  was  once  an  immense  lake,  in 
whose  basin  sediment  of  almost  impalpable  fineness  gra- 
dually accumulated,  under  conditions  which  will  be  discussed 
in  a  subsequent  chapter ;  that  this  basin  was  drained  by  the 
elevation  of  the  whole  region,  but,  at  first,  so  slowly,  that 
the  finer  particles  of  the  superficial  deposits  were  not  washed 
away,  but  allowed  to  remain  where  they  were  originally 
[Iowa  Sitrvet.j  4 
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deposited.  After  the  more  elevated  portions  of  the  former 
basin  had  been  laid  bare,  the  drainage  becoming  concentrated 
in  comparatiyely  narrow  channels,  the  current  thus  {uro- 
duced,  aided  perhaps  by  a  more  rapid  rise  of  the  region^ 
acquired  sufficient  velocity  to  wear  down  through  the  finer 
material  on  the  surface,  wash  away  a  portion  of  it  altogether, 
and  mix  the  rest  so  effectually  with  the  underlying  drift 
materials,  or  with  abraded  fragments  of  the  rocks  in  place, 
as  to  give  rise  to  a  different  character  of  soil  in  the  vallies 
from  that  of  the  elevated  land.  This  valley  soil,  being  much 
lee»  homogeneous  in  its  composition  and  containing  a  larger 
prop(»rtion  of  coarse  materials  than  that  of  the  uplands, 
seems  to  have  been  adapted  to  the  growth  of  forest  vege* 
tation ;  and,  in  consequence  of  this,  we  find  such  localities 
covered  with  an  abundant  growth  of  timber. 

Wherever  there  has  been  a  variation  from  the  usual  con* 
ditions  of  soil,  on  the  prairie  or  in  the  river  bottom,  there 
is  a  corresponding  change  in  the  character  of  the  vegetation. 
Thus,  on  the  prairie,  we  sometimes  meet  with  ridges  of 
coarse  material  apparently  deposits  of  drift,  on  which,  from 
jsome  local  cause,  there  has  never  been  an  accumulati(m  of 
fine  sediment  :  in  such  localities  we  invariably  find  a  growth 
of  timber.  This  is  the  origin  of  the  groves  scattered  over 
the  prairies,  for  whose  isolated  position  and  peculiar  circum- 
stances of  growth  we  are  unable  to  account  in  any  other 
way. 

The  condition  of  things  in  the  river  vallies  themselves 
seems  to  add  to  the  plausibility  of  this  theory.  In  the  district 
which  we  have  more  particularly  examined,  we  have  found 
that  where  the,  rivers  have  worn  deep  and  comparatively 
narrow  vallies  bordered  by  precipitous  bluffs,  there  is  almost 
always  a  growth  of  forest;  but  where  the  valley  widens  out, 
and  the  bluffs  become  less  conspicuous,  indicating  a  less 
rapid  erosion  and  currents  of  diminished  strengUi,  their 
deposition  has  taken  place  under  circumstances  favorable  to 


PHTSICAIi  QE0GIUPH7.  27 

the  aecumnlation  of  a  prairie  soil,  and  the  result  has  been 
the  formation  of  the  ^'  bottom  prairie/'  which  becomes  so 
important  a  feature  of  the  vallies  of  the  Mississippi  and 
Missouri  below  the  limits  of  Iowa.  Where  these  bottom- 
prairies  have  become,  by  any  recent  change  in  the  course 
of  the  river  currents,  covered  with  coarser  materials,  a 
growth  of  forest  trees  may  be  observed  springing  up,  and 
indicating  by  their  rapid  development  the  presence  of  a 
congenial  soiL 

In  the  course  of  the  survey,  should  it  be  continued,  a  care* 
ful  chemical  examination  will  be  made  of  a  number  of  spe- 
cimens of  soil,  collected  in  different  parts  of  the  State,  in 
the  wooded  tracts  as  well  as  on  the  prairie.  It  is  to  be  pre* 
somed  that  the  results  of  such  an  investigation,  combined 
with  the  extension  of  the  field  observations  of  the  survey 
over  the  western  half  of  the  State,  will  throw  additional 
lights  on  the  subject  of  the  origin  of  the  prairies,  while  at 
the  same  time  they  will  form  a  basis  for  an  opinion  on  the 
agricultural  capacity  of  different  portions  of  the  State,  as 
compared  with  each  other  and  with  other  districts  of  the 
NiMihwest. 

Having  thus  sketched  the  principal  features  of  the  topo* 
gn^hy  of  the  State,  we  conclude  this  chapter  by  a  brief 
notice  of  its  climate ;  a  subject,  the  importance  of  which 
will  be  a  suflScient  apolc^y  fbr  its  introduction  into  this 
Report. 

Metereological  observations  have  been  kept  up  by  the 
surgeons  of  the  U.  S.  Army,  at  the  various  military  poets, 
in  pursuance  of  an  admirable  regulation  of  the  War  Depart- 
ment, nnce  the  year  1819.  It  is  to  these  records  that  we 
are  chiefly  indebted  for  what  is  accurately  known  in  regud 
to  the  climate  of  the  Northwest.  Mr.  Blodobt  has  recenily 
published  a  valuable  woi^*,  in  which  abstracts  of  the  obser- 
vations which  have  been  made  by  the  United  States  officers, 

^  CliBMtolegy  of  IIm  United  SUOm,  &e.  PbilAdelpUi*;  1S57. 
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and  of  all  those  made  by  private  individuals,  under  the 
direction  of  the  Smithsonian  Institute  or  otherwise,  have 
been  placed  before  the  public  in  a  simple  and  intelligible 
form.  T.  S.  Paevin,  Esq.,  of  Muscatine,  has  kept  a  faithful 
record  of  the  metereological  changes  at  that  place  since  1850, 
and  has  recently  published  in  the  American  Journal  of  Sci- 
ence a  "Report  on  the  Climate  of  Iowa,'*  embracing  the 
result  of  the  records  of  the  year  1856,  with  a  synopsis  of 
the  seven  years  from  1850  to  1856  inclusive.  Observations 
have  also  been  made  at  a  few  other  points  within  the  State, 
but  for  too  short  periods  to  be  of  much  value  as  yet. 

A  synoptical  view  of  the  results  at  most  of  the  points 
within  the  State  where  observations  have  been  made  is  here 
appended.  The  posts  at  Prairie  du  Chien,  Fort  Armstrong, 
and  Council  Blufis  are  not  in  Iowa,  but  are  only  separated 
from  its  territory  by  the  breadth  of  the  Mississippi  in  the 
case  of  the  two  first-named  places,  and  of  the  Missouri  in 
the  other.  At  Fort  Snelling  near  St.Paul,  Minnesota,  the 
record  is  continuous  from  1819  to  1855,  and  these  observa- 
tions are  added  for  comparison. 

The  table  on  the  next  page  shows  the  mean  temperature 
for  each  month,  season,  and  the  year,  as  deduced  from  the 
observations  made  during  the  periods  specified  in  the  table. 

We  append  to  the  table  of  temperatures,  one  indicating 
the  amount  of  water  precipitated,  in  the  form  of  rain  and 
snow,  at  the  various  points  where  observations  of  the  kind 
have  been  made.  The  numbers  in  this  table  indicate  inches 
and  hundredths  of  vertical  depth  of  water  fallen,  for  each 
month  and  season,  and  for  the  year. 

These  tables  were  compiled  from  Mr.  Blodget's  work, 
and  are  chiefly  made*  up  from  the.  records  kept  at  the  United 
States  Military  Posts.  Observations  have  been  made  at  se- 
veral other  points  by  private  individuals ;  but  they  have, 
as  yet,  been  kept  up  for  too  short  a  period  to  be  of  much 
value  in  coming  at  any  general  conclusion  as  to  the  climate 
of  the  State. 
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The  following  table,  prepared  by  Mr.  Pakvin  from  his  ob- 
servations at  Muscatine  ( lat,  41**  26'  N-;  Ion.  92°  2  W.;  alti- 
tude 586.21  feet),  gives  the  mean  temperature  of  that  place, 
for  each  of  the  months  and  seasons,  for  the  years  1850  - 
1856  ;  also  of  each  for  those  seven  years,  with  the  difference 
between  the  means  of  the  year  1856  and  those  o[  the  whole 
period  of  seven  years. 


MOITTBB  *  SaA.8oirf . 


TvABS  :  Tempeniiiire. 


1850. 


18fl.   188S.   1893.   185A.   18SS.   1868. 


of 
7  yean 


18501 


Dec.  1849 
January . 
February 
Winter 


^prii  •••»•••! 

May 

Spring  meui . 

<l  une  ••••••.< 

July , 

August  •••••< 
Summer 


September  • 
October.... 
NoTcmber.  • 
Autumn 


Annual  mean. . 


18.84 
24.40 
26.86 
28.19 

82.60 
41.22 
68.80 
42.66 

70.17 

74.22 
72.22 
72.20 

69.88 
44.16 
87.66 
47.17 

46.28 


19.77 
28.97 
27.78 
28.82 

88.22 
48.62 
68.19 
46.64 

64.64 
71.62 
69.09 
68.46 

68.84 
60.86 
84.60 
47.78 

46.66 


21.87 
19.60 
29.00 
28.82 

86.16 
42.74 
69.96 
46.28 

66.80 
72.86 
68.98 
69.88 

69.76 
68.18 
80.00 
47.64 

46.66 


22.18 
27.06 
28.86 
24.19 

88.24 
47.81 
66.66 
46.66 

71.22 
68.82 
71.08 
70.87 

62.21 
46.46 
89.78 
49.18 

47.81 


26.67 
16.16 
28.60 
28.77 

89.86 
61.18 
60.08 
60.00 

68.96 
76.16 
78.00 
72.87 

68.28 
64.86 
86.88 
68.18 

49.81 


26.76 
24.46 
16.64 


80.61 
68.98 
60.42 
48.28 

67.02 
78.01 
70.86 
70.16 

67.92 
47.14 

87.88 
60.96 

47.92 


22.40 

7.62 

15.08 

14.98 

25.80 
49.87 
61.88 
45.61 

71.79 
78.61 
65.40 
70.28 

59.00 
52.86 
82.79 
48.21 

44.78 


49— 


22 
20 
28.78 
22.22 


6.86 
.98 

—  8.70 

—  7.24 


46—12 


88.77 
47 
68 
46. 


1—7.97 
2.27 
2.96 
0.81 


68 
72. 
70.01 
70,44 


10+ 
42  + 
40  — 

66  + 
81  + 


8.04 

0.70 

h-  6.61 

0.21 


68.61 

49.67 

86 

49.14 


—  4.61 
+  8.18 

2.82 

—  0.98 


60— 


47.06—  2.82 


To  this  we  xnay  add  another  table,  from  the  same  au- 
thority, which  exhibits  the  total  qnantity  (in  inches)  of  rain 
for  each  of  the  months  and  seasons  for  the  years  1860  -  6 ; 
also  the  mean  of  each  for  seven  years,  with  the  difference 
between  the  total  of  the  year  1856  and  the  mean  of  the 
septennial  period. 
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If onn  A  Bmamwi. 


tsABS. 


1800. 


tSSL 


1890. 


18M. 


18S& 


MeuM 

of 
7  yean. 


Difference 
1896  and 


Dcoamber  1849 . . 

January 

February  ••••••• 

Winter  toUl 

Winter  BMn  •  •  •  • 

March 

aeMTU  ••••••••••  • 

M«y 

Spring  total 

Spring  mean  .... 

June 

July  ....••••.••• 

August 

Summer  total  .. . 
Summer  mean... 

September  •••••• 

October 

November 

Autimm  total.... 
Antnmn  mean... 

Amraal  total .... 
Monthly  mean  . . . 


4M 
4.40 
0.80 
5.60 
1.87 

2.00 
8.80 
8.70 
9.00 
8.00 

8.60 

6.00 

18.00 

21.60 

7.16 

8.90 
2.70 
8.60 
10.10 
8.86 

46.20 
8.98 


2.40 
1.50 
4.60 
8.60 
2.«8 

8.00 

8.60 

12.60 

19.20 

6.40 

14.90 
8.60 
14.00 
86.90 
12.80 

8.60 
1.40 
8.60 
8.40 
2.80 

73.00 
6.08 


1.90 
2.20 
1.00 
6.10 
1.70 

8.60 
6.80 
6.60 
20.40 
6.80 

2.20 
8.70 
2.80 
8.70 
2.90 

8.80 
7.60 
6.60 
21.40 
7.18 

66.60 
4.68 


6.00 
0.80 
0.70 
6.00 
2.00 

0.70 
11.80 

4.60 
17.10 

6.87 

6.40 
6.60 
1.70 
14.70 
4.90 

6.20 
0.20 
4.10 
10.50 
8.60 

48.80 
4.02 


1.26 
1.26 
0.42 

1.12 
1.76 
6.21 
9.09 
8.08 

0.66 
2.22 
8.88 
6.21 
2.07 

1.18 
4.29 
0.09 
6.61 
1.81 

22.06 
1.84 


0.41 
1.60 

1.91 
0.68 

1.22 
2.66 
1.94 
6.71 
1.87 

4.75 
2.86 
8.51 
10.61 
8.83 

1.84 
2.81 
2.08 
6.78 
2.24 

24.96 
2.08 


2.02 

4.24 
6.86 
2.12 

0.25 
8.44 
4.89 
8.08 


2.68 
2.74 
1.86 
6.78 
2.26 

2.45 
6.21 
8.88 
11.49 
8.88 

82.71 
2.72 


1.7 

1.41 

1. 

4.96 

1 


6  + 


4.80 
—  1.41 

2.66 
+  1.40 

0.47 


79-1- 


66+ 


2.41 
4.54 
6.70 
12.65 
4.16 

4.92 
4.46 
6.66 
17.06 
6.01 


—  2.16 

—  1.10 

—  1.81 

—  4.67 

—  1.47 

—  2.24 

—  1.71 

—  4.80 
—10.27 

—  2.75 


8.90 
8 

8.28 
10 
8 


46  + 


69  + 


52  + 


1.45 
1.76 
0.60 
0.90 
0.81 


48.26 
8.44 


—10.66 
0.72 


The  ecMnpIement  of  the  last  table  is  the  one  next  follow- 
ing^  which  shows  the  quantity  of  snow  ( in  inches)  of  the 
months  and  seascos  of  snow  for  the  years  1850-1856; 
also  the  means  of  eaeh  for  seven  years,  with  the  difference 
between  the  total  of  1856  and  the  mean  of  the  septennial 
period. 
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Tbaju. 


1850.        1851.       1899.       18S3.       1854.       18S6.       1866. 


DMei 

1856  and 
mean. 


December  1849 

Jaanary 

Febraary 

Winter  total... 
Winter  mean . . 

March •. 

April 

November 

Annual  total . . 
Annual  mean. . 


4.70 
2.20 

6.90 
2.80 

0.80 
0.20 


8.70 
0.60 
8.40 
12.60 
4.20 

0.80 
6.00 


0.90     1.80 


8.80 
1.46 


20.20 
8.86 


1.50 
8.20 

4.70 
1.66 


2.60 

7.80 
1.21 


11.40 
1.00 
2.00 

14.40 
4.80 

2.00 


8.00 

24.40 
4.06 


8.20 
4.00 
5.50 
12.70 
4.28 


1.00 
17.60 

7.10 
25.60 

8.86 


1.10     6.60 


1.00 

14.70 
2.46 


1.60 

88.60 
6.6€ 


18.00 
12.20 
12.00 
87.20 
12.40 

8.60 


6.20 

46.00 
7.66 


6.50+  7.60 
6.80+  6.40 
6.00+  7.00 
16.86+20.84 
6.48+  6.82 


2.04 


+  1.66 


2.98 

22.14 
8 


+  2.27 


68  + 


+28.86 
8.96 
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The  southern  boundary  of  Iowa  is  nearly  on  the  same 
parallel  with  Central  Pennsylvania,  while  the  northern 
border  of  the  State  is  in  the  latitude  of  Central  New- York 
and  Southern  Vermont  and  New-Hampshire.  The  difference 
in  the  mean  temperature  of  the  year  between  the  northern 
and  southern  districts  of  Iowa  is,  therefore,  quite  a  percep- 
tible one.  In  the  region  bordering  on  the  Atlantic  coast,  a 
difference  of  latitude  equal  in  amount  to  that  between  Keo- 
kuk and  Lansing  implies  a  difference  of  mean  temperature 
equal  to  about  G'^.S'.  It  appears  from  an  examination  of  the 
tables  given  above  that  observations  have  not  been  made  at 
a  sufficient  number  of  points,  especially  in  the  southern  por- 
tion of  Iowa,  or  kept  up  for  an  adequate  length  of  time,  to 
enable  us  to  draw  entirely  satisfactory  conclusions  as  to  the 
range  of  temperature  in  one  part  of  the  State  as  compared 
with  another.  The  most  extended  series  are  those  of  Musca- 
tine, Rock  island  (Fort  Armstrong),  and  Prairie  du  Chien 
(Fort  Crawford).  The  difference  of  latitude  of  the  two  latter 
stations  is  1"*  35',  and  the  difference  of  mean  annual  tem- 
perature 2*. 7 ;  which  variation  corresponds  quite  nearly  with 
that  observed  in  the  same  parallels  on  the  Atlantic  slope*. 

Early  in  the  history  of  this  country,  it  was  generally 
maintained  that  the  climate  of  the  Mississippi  valley  was 
considerably  warmer  than  that  of  the  Atlantic  States  in  the 
same  parallel.  This  theory  has  not  been  confirmed  by  the 
results  of  the  observations  which  have  been  made  at  nume- 
rous stations,  both  in  the  Eastern  and  Western  States. 

Mr.  Blodgbt  remarks  on  this  point  as  follows : 

"  The  early  distinction  between  the  Atlantic  States  and  the  Mis- 
sissippi valley  has  been  quite  dropped ,  as  the  progress  of  observation 
has  shown  them  to  be  essentially  the  same,  or  to  differ  only  in  unim- 
portant particulars.  It  is  difficult  to  designate  any  important  fact 

•  The  mean  temperatnre  of  Muscatine,  as  given  by  Mr.  Parvih,  seems  to  be  lower 
than  that  of  other  points  in  about  the  same  latitude  ;  being  2^  less  than  that  of  Fort  des 
MoUies,  8^.6  lower  than  the  mean  of  the  observations  of  Kodc  island,  and  2*^.6  below 
that  of  Ibe  Council  BluA  record.  This  discrepancy  we  are  at  a  loss  to  aooonnt  for. 
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entitling  them  to  separate  classification  ;  they  are  both  alike  subject 
to  great  extremes;  they  both  have  strongly  marked  continental  fea- 
tures at  some  seasons,  and  decided  tropical  features  at  others,  and 
these  influence  the  whole  district  similarly,  without  showing  any 
line  of  separation.  At  a  distance  from  the^  shore  of  the  Gulf  of 
Mexico  sufficient  to  remove  its  local  effects,  the  same  peculiarities 
appear  which  belong  to  Fort  Snelling  and  to  Montreal,  as  well  as  to 
Albany,  Baltimore  and  Richmond."* 

On  comparison  of  the  records,  however,  it  appears  that 
while  there  is  little  diflFerence  in  the  mean  temperature  for 
the  year  between  places  in  the  same  latitude  in  the  Missis- 
sippi valley  and  on  the  Atlantic  border,  yet  there  is  a  per- 
ceptible tendency  to  extremes  in  the  mean  of  the  seasons 
as  we  go  farther  west.  Thus  we  may  make  the  following 
comparisons  to  illustrate  this  remark. 


LOCALITT. 

Laatude. 

Tekpebatvbbs. 

Year. 

Spring. 

Summer. 

AutamiL 

Winter. 

West  Point,N.Y 

Tort  Armfltronff 

41<>28' 
41  80 
41  30 

43  06 
48  05 

44  40 
44  58 

50.7 
50.8 
49.8 

45.7 
47.6 

48.6 
44.6 

48.7 
50.5 
49.8 

44.6 
48.7 

42.9 
45.6 

71.8 
74.1 
74.7 

66.5 
72.8 

66.8 
70.6 

53.2 
51.7 
51.4 

47.8 
48.8 

45.4 

45.9 

29.7 
24.9 
21.7 

24.6 
21.2 

19.8 
16.1 

Council  Bluffs 

Utica  N.  Y 

Prairie  dn  Ohien 

Potsdam.  N.  Y 

Fort  Snelling 

These  data  are  sufficient  to  show  that  the  spring  and 
summer  are  decidedly  warmer,  and  the  winter  colder,  in  the 
Mississippi  valley  than  on  the  same  parallel  in  New- York. 
The  open  character  of  the  prairie  region,  the  want  of  shel- 
ter from  the  sun  of  the  summer  and  the  sweeping  winds  of 
winter,  make  these  peculiarities  of  the  western  climate  more 
perceptible  than  they  would  seem  to  be  from  an  inspection 
of  the  thermometrical  register.  The  prairie  winds,  however 

*  Glimatolosy  of  the  IJnlted  States,  page  126. 
[  loWA  SVRVBT.]  5 
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unpleasant  to  those  exposed  to  them  in  the  severity  of  win- 
ter, are  of  the  greatest  benefit  to  the  general  sanitary  condi- 
tion of  the  State ;  since  they  prevent  the  accumulation  of  the 
malaria  which  arises  from  the  decomposition  of  the  rich 
vegetation  of  the  prairies,  as  is  proved  by  the  marked  dif- 
ference in  the  health  of  settlers  on  the  prairie  and  in  the 
timber. 

In  regard  to  the  distribution  of  rain,  it  will  be  observed, 
although  the  statistics  are  very  imperfect,  that  while  the  quan- 
tity falling  during  the  year  in  the  Mississippi  valley  with- 
in the  limits  of  Iowa  is  large,  being  fully  equal  to  that  on 
the  Atlantic  coast  in  the  same  latitude,  there  is  a  rapid,  and 
indeed  almost  abrupt,  falling  off  as  we  go  towards  the  north 
and  west.  Thus,  the  total  precipitation  for  the  year,  at  Mus- 
catine, is  44.33  inches,  while  at  Fort  Snelling  it  is  only 
25.43  inches.  The  observations  at  Fort  Dodge  show  a  similar 
decrease  in  a  western  direction.  The  most  marked  feature 
of  the  distribution  of  the  amount  of  moisture  precipitated 
in  the  form  of  rain  and  snow  through  the  year,  is  a  reli^ 
tive  increase  of  the  quantity  falling  in  spring  and  summer, 
and  a  very  considerable  diminution  in  winter ;  which  con- 
dition becomes  more  and  more  marked  as  we  advance  west- 
ward from  the  Mississippi.  The  diminution  in  the  quantity 
of  snow,  as  compared  with  the  eastern  States  on  the  same 
latitude,  is  one  of  the  features  of  the  climate  which  is,  prac- 
tically, most  felt  by  the  settler  from  that  region. 


C-/^^' 


CHAPTER  11. 
GEIfERAL  GEOLOGY. 

GENERAL  RE^rARKS  ON  THE  GEOLOGY  OF  THE  NORTHWEST,  AND 
THE  RELATIONS  OF  THE  FORMATIONS  TO  THOSE  OF  THE  EAST. 

MoDKRN  Geology  is  indebted  for  its  rapid  advances,  and  the 
certainty  with  which  its  determinations  are  made  at  different 
and  distant  points  in  the  sedimentary  fossiliferous  strata^ 
mainly  to  Paladontology.  The  careful  study  of  the  rock  for-^ 
mations  has  ediown  that  certain  groups  of  beds  or  strata  which 
lie  one  above  another  may  be  identified  by  the  fossil  remains 
which  they  contain ;  or,  in  other  words,  the  beds  of  limestone, 
jandstone,  shale,  etc.  have  each  in  their  turn,  while  in  the 
r  ^  state  of  sand  and  mud,  farmed  the  bed  of  an  ancient  ocean^ 
in  which  the  then  living  forms  have  been  imbedded,  and  are 
still  preserved  in  the  solid  rocky  masses.  The  refinement  to 
which  this  study  has  been  carried  enables  us  to  distinguish, 
by  a  few  fossil  forms,  the  relative  age  of  certain  beds  of  rock 
fo  other  strata  which  have  been  elsewhere  studied ;  and  as 
all  experience  has  proved  that  the  order  of  sequence  is  every- 
where essentially  the  same,  though  certain  beds  may  be  ab- 
sent or  others  intercalated,  yet  the  relative  position  of  known 
beds  is  never  reversed.  We  are  able  by  this  means  to  deter- 
mine at  once  the  relations  of  all  formations  which  come  under 
examination,  to  all  others  in  the  known  geological  series. 
We  have  thus  a  means  everywhere  at  hand  to  determine  not 
only  the  relations  of  the  rocks  under  examination  to  other 
similar  or  identical  formations,  but  also  their  relations  to 
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rocks  of  known  economical  value,  or  to  those  containing 
materials  of  similar  importance,  as  coal,  iron  ore,  etc.,  without 
consuming  the  time  which  would  otherwise  be  necessary  in 
every  new  locality  to  determine  the  order  and  relations  of 
the  entire  set  of  strata  and  their  mineral  contents. 

This  principle,  in  its  application,  is  carrying  out  only  that 
which  any  good  observer  would  do  to  a  limited  extent  with- 
out geological  knowledge ;  for  if,  after  examining  a  limestone 
over  the  area  of  a  township  or  a  county,  he  should  find  it 
everywhere  marked  by  certain  characters,  and  the  final 
result  proved  it  only  valuable  as  a  limestone,  and  containing 
no  other  economical  product,  he  would  conclude  that  the 
same  rock,  when  identified  at  a  distance  of  ten  miles,  would 
possess  the  same  characters.  Should  this  limestone,  in  the 
area  already  examined,  have  resting  upon  it  a  sandstone  or 
shale  with  coal,  he  would  naturally  infer  the  same  order, 
should  he  meet  the  limestone  above  in  any  locality  not  before 
examined. 

Upon  the  same  principle,  geological  and  palsBontological 
knowledge  acquired  in  one  or  many  parts  of  the  country, 
as  well  as  the  results  of  experience  in  other  countries,  are 
brought  to  bear  upon  the  investigations  of  any  portion  here- 
tofore unexplored.  Were  it  otherwise,  the  process  of  geologi- 
cal examination  would  be  slow  and  tedious,  and  the  results 
unsatisfactory. 

The  rocks  of  the  Palsdozoic  series,  or  those  constituting 
the  dijBerent  divisions  or  groups,  from  the  known  commence- 
ment of  animal  life  to  the  coal  measures  inclusive,  constitute 
the  fundamental  rock  formations  of  much  the  larger  part  of 
the  area  of  the  State  of  Iowa. 

The  true  order  and  sequence  of  the  strata  below  the  Car- 
boniferous formations  have  been  made  known  through  the 
Reports  of  the  New-York  Geological  Survey,  more  clearly 
and  more  in  detail  than  from  any  other  course.  These  results 
have  been  confirmed,  with  many  additional  facts  of  great 
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importance,  from  the  investigations  in  the  Canada  Geological 
Survey ;  and  the  order  of  sequence  and  nomenclature  has 
been  established  from  Gaspe  to  Lake  Superior,  and  from 
New- York  to  the  Mississippi  river. 

The  Reports  of  Pennsylvania  and  Virginia  have  given  a 
clear  knowledge  of  the  structure  of  the  coal  measures,  and 
the  sequence  of  their  different  members  in  the  eastern  part 
of  the  great  Appalachian  coal  field ;  while  the  Reports  of 
Ohio,  and  more  recently  of  Kentucky,  have  shown  a  cor- 
responding sequence  on  the  western  side  of  the  same  region. 
West  of  the  Cincinnati  axis,  we  know  the  coal  measures  of 
Michigan  from  the  Reports  of  Dr.  Houghton  ;  those  farther 
west,  from  the  Reports  of  Dr.  Owen  on  Iowa,  Minnesota, 
etc. ;  and  those  of  Missouri,  more  in  detail  from  the  Reports 
of  Prof.  Swallow. 

The  carboniferous  limestones,  lying  beneath  the  coaj 
measures,  and  forming  so  conspicuous  a  feature  along  the 
Mississippi  valley  and  throughout  the  west  and  southwest  in 
the  coal-measure  regions,  are  scarcely  recognizable  on  the 
east  of  the  Appalachian  chain,  or  beneath  the  coal  measures 
of  Pennsylvania,  Ohio,  Eastern  Kentucky,  and  a  large  part 
of  Virginia. 

The  great  plateau  of  the  Northwest,  stretching  from  the 
Appalachian  chain  westward  to  the  slopes  of  the  Rocky 
mountains,  and  limited  on  the  north  by  Lake  Huron  and 
Lake  Superior,  presents  great  simplicity  of  geological  struc- 
ture. The  entire  sequence  of  formations,  from  the  Potsdam 
sandstone  to  the  Coal  measures  inclusive,  occupies  the  greater 
portion  of  this  area ;  and  the  slight  disturbances  to  which 
they  have  been  subjected,  and  the  tenuity  of  the  formations, 
have  served  only  to  make  the  successive  beds  more  accessi- 
ble to  investigation. 
/    :      Towards  the  Rocky  mountains,  the  palsaozoic  rocks  are 
*^  "^;. 'overlaid  by  the  Cretaceous  formation,  which,  in  its  lower 
.,-  •"'*"  arenaceous  members,  stretches  from  the  northern  limits  of 
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the  United  States  territorieB  to  the  Grolf  of  Mexjico,  and 
throo^out  a  great  part  of  this  extent  rests  unconfinrmably 
upon  the  Coal  measures*  The  line  of  junction  of  these  two 
formations  is  secured  by  the  denudation  of  the  highest  one, 
and  its  finely  comminuted  materials  are  widely  spread  over 
the  lower  strata^  formii^  with  other  materials  the  broad 
expanse  of  prairie  deposit  ci  the  Westv 

The  lower  geological  formations,  therefore,,  of  this  great 
northwestern  plateau  are  the  same  as  those  known  in  New- 
York  and  Pennsylvania,  which  form  not  only  the  undisturbed 
portions  of  that  part  of  the  country,  but  also  the  disturbed 
regions  of  mountain  ranges,  whether  known  as  the  Green 
mountains,  the  White  mountains,  the  Allegany  mountains, 
or  the  Appalachian  chain. 

In  tracing  westward  the  geological  formations  as  known 
in  New-Tork  and  Pennsylvania,  we  find  them,  with  one  or 
two  exceptions,  gradually  becoming  thinner,  until  at  last 
several  of  them  are  scarcely  recc^izable,  or  Me  so  attenuated 
as  to  be  overlooked  in  a  country  deeply  covered  by  modem 

deposits. 

The  Potsdam  sandstone,  which  can  be  traced  from  North- 
em  New- York  and  Canada  by  the  St.Lawrence,  and  thence 
bordering  the  north  shore  of  Lake  Huron  and  the  south  shore 
of  Lake  Superior,  spreads  put  in  Wisconsin,  Minnesota  and 
Northern  Iowa,  preserving  mostly  a  uniform  thickness,  and 
showing  an  elevation  above  the  Mississippi  of  more  than  five 
hundred  feet,  which  is  equal  to  its  usual  thickness  in  more 
eastern  localities.  The  succeeding  Calciferous  sandstone  is 
likewise  traceable,  with  some  interruptions,  over  the  same 
area,  and  is  a  usual  accompaniment  of  the  Potsdam  sand- 
stone. Not  unfrequently  the  two  are  so  closely  incorporated 
at  their  junction,  as  to  show  that  they  are  parts  of  one  for- 
dliation,  which  has  become  more  and  more  calcareous,  until 
it  is  seen  as  a  limestone  or  dolomite. 

The  succeeding  limestones  of  the  Chazy,  Birdseye,  Black- 
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river  and  Trenton^  can  be  traced  from  New- York  and  Canada, 
along  the  northern  fiide  of  Lake  Ontario  and  Lake  Huron, 
and  thence  to  the  north  of  Lake  Michigan  and  the  western 
b(Hrders  of  Green  Bay,  where  they  trend  westerly  to  the 
Mississippi  river.  But  they  have  greatly  thinned  towards 
the  west;  and  instead  of  ihe  marked  features  presented  by 
the  same  rocks  in  Pennsylvania,  New- York  and  Canada  East, 
they  form  low  and  often  inconspicuous  escarpments  above 
the  upper  <^  St.  Peters  sandstone,  which  represents  the  Chazy 
limestone  in  part,  and  has  a  thickness  of  from  sixty  to  eighty 
feet. 

This  diminution  of  the  lower  limestones  is  in  a  measure 
compensated  by  the  accession  of  the  Galena  or  Lead-bearing 
limestone,  which  is  an  upper  member  of  the  Trenton  lime- 
stone series  not  developed  in  the  East,  but  fwming  in  Wis- 
consin, Illinois  and  Iowa,  a  more  conspicuous  feature  than 
the  TrentMi  limestone  proper. 


/ 


In  the  Hudson-river  group  and  succeeding  Oneida  con-         /.  l^//'  ^^ 


I     '  -^ 
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^omerate,  a  most  marked  change  takes  place  :  tiie  former  ^ ,  r  j  '  -  /^  ^ ' 
is  estimated  to  have,  in  Pennsylvania,  a  thickness  of  six/  ;  ^  >,< 
thousand  feet,  aad  the  latter  a  thickness  of  one  thousand  ^  '■/■[')  ^ 
eight  hundred  feet;  while  the  same  rocks  along  the  Green 
mountain  range  and  in  Canada,  are  in  even  greater  force. 
This  group  of  strata,  consisting  of  green,  blue  and  red 
shales,  shaly  sandstones  and  s(»ne  beds  of  limestone,  can  be 
traced  westward  from  Canada  and  New- York,  by  Lake  On- 
tario and  Lake  Huron,  by  Point  aux  Bales  at  the  nortibern 
extremity  of  Lake  Michigan,  and  thence  from  below  the 
head  of  Green  Bay  and  by  the  eastern  side  of  Lake  Winne- 
Imgo,  and  at  intervals  across  the  State  of  Wisconsin*  Along 
this  line  of  almost  continuous  outcrop  there  is  a  constant 
thinning  of  the  beds,  until  at  last  the  whole  grcmp  has  di- 
minished to  a  thickness  of  less  than  one  hundred  feet.  Thus 
we  see  that  the  group  of  strata,  fwming  the  most  conspicu<K» 
feature  in  the  Green  mountains,  with  a  thickness  greater 
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than  the  actual  height  of  these  mountains,  and  making  up 
a  large  part  of  the  whole  Appalachian  chain,  has  become  so 
insignificant  that  it  had  never  been  recognized  along  the 
Upper  Mississippi  until  during  the  progress  of  the  present 
survey  in  the  autumn  of  1855. 

The  Medina  sandstone  and  Clinton  group,  which  thin  out 
to  a  great  extent  in  the  State  of  New- York,  have  almost 
entirely  disappeared  before  reaching  Wisconsin.  These  for- 
mations are  known  only  at  one  or  two  points  within  that 
State,  and  thus  far  have  not  been  recognized  in  Iowa. 

The  Niagara  limestone  maintains  its  character,  and  es- 
sentially its  thickness,  at  the  west.  Extending  from  Niagara 
falls  through  Canada,  it  forms  the  peninsula  of  Cabot's  head, 
the  Manitoulin  islands  of  Lake  Huron,  and  the  peninsula 
between  Green  Bay  and  Lake  Michigan ;  and  thence  stretch- 
ing southwesterly  across  Wisconsin,  it  forms  an  irregular 
escarpment  which  reaches  the  Mississippi  river  below  Gralena 
in  Illinois ;  and  thence  takes,  with  the  same  features,  its 
course  through  Iowa,  leaving  on  both  sides  of  the  river  some 
outliers  further  to  the  north,  forming  the  ^^  Mounds". 

Above  the  Niagara  group,  and  corresponding  with  it  in 
direction,  is  a  limestone  formation  of  considerable  thickness, 
but  which,  from  its  disturbed  condition,  forms  no  conspicuous 
feature  in  the  country.  This  limestone  forms  the  rapids  of 
Leclaire,  and  is  probably  the  same  rock  as  that  developed 
in  the  vicinity  of  Gait  in  Canada  West. 

The  Onondaga-salt  group,  which  is  next  in  order  of  se- 
quence, and  in  New- York  succeeds  the  Niagara  limestone 
with  a  thickness  of  one  thousand  feet  or  more,  has  so  thinned 
out,  that  in  Iowa  it  is  not  more  than  one  hundred  and  fifty 
feet  thick. 

The  strata  which  in  New-Yorl^  and  the  east  constitute  the  / 
limestones  of  tpe  Upper  Helderberjf  series,  the  Hamiltonfi;^  — 
.Portage  and  Chemuiig  groups,  are  all  embraced  within  less    -  '"^^ 
than  two  hundred  feet ;  while  in  New- York  and  Pennsyl- 
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vania  these  formations  have  a  thickness  of  from  four  to  six 
thousand  feet,  and  form  conspicuous  topographical  features ; 
constituting  a  great  part  of  the  White  mountains,  and  im* 
portant  portions  of  the  Appalachian  chain. 
,i  ri  The  Catskill  mountain  group,  having  a  thickness  of  more 

;K^u/  ;^.-/*than  three  thousand  feet,  and  which  forms  the  conspicuous 
'  '  highlands  from  which  it  derives  its  name,  is  quite  unknown 
to  the  west  of  the  Cincinnati  axis ;  and  the  succeeding  con- 
glomerates, sandstones  and  shales  are  likewise  absent  from 
the  series  in  the  west,  while  their  places  are  in  a  degree 
filled  by  the  carboniferous  limestones  which  attain  far  less 
thickness. 

The  same  remarks  hold  true  in  regard  to  the  Coal  forma- 
tion, which,  from  having  a  thickness  of  more  than  six 
thousand  feet  in  Pennsylvania,  has  become  reduced  to  less 
than  as  many  hundred  feet  in  Iowa. 

This  remarkable  fact  of  the  thinning  out  westwardly  of 
all  the  sedimentary  formations,  points  to  a  cause  in  the 
conditions  of  the  ancient  ocean,  and  the  currents  which 
transported  the  great  mass  of  materials  along  certain  lines 
which  became  the  lines  of  greatest  accumulation  of  sediments, 
and  consequently  present  the  greatest  thickness  of  strata  at 
the  present  time.  It  is  this  great  thickness  of  strata,  whether 
disturbed  and  inclined  as  in  the  Green  and  White  mountains 
and  the  Appalachians  generally,  or  lying  horizontally  as  in 
the  Catskill  mountains,  that  gives  the  strong  features  and  the 
hilly  and  mountainous  country  of  the  east,  and  which  gra- 
dually dies  out  as  we  go  westward,  just  in  proportion  as 
the  strata  become  attenuated. 

The  subdued  features  of  the  West  are  therefore  due,  not 
alone  to  the  absence  of  great  disturbing  forces,  but  to  the  ab- 
sence or  the  great  tenuity  of  the  formations,  or  paucity  of 
materialsorstrata  to  be  disturbed.  The  thickness  of  the  entire 
series  of  sedimentary  rocks,  no  matter    how  much  disturbed 
or  denuded,  is  not  here  great  enough  to  produce  mountain 
[  Iowa  Subvit.]  6 
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features ;  and  the  most  elevated  portions  of  this  region  are 
those  where  no  disturbing  force  essentially  affecting  the 
horizontality  of  the  strata  has  acted. 

The  mounds,  or  highest  portions  of  the  country  in  any 
part  of  this  western  plateau,  lie  in  the  undisturbed  districts, 
and  exhibit  nearly  horizontal  beds ;  and  are  simply  due  to 
the  original  accumulation  of  sediments  forming  the  rocky 
strata,  which  have  subsaquently  been  denuded,  leaving  these 
isolated  portions.  These  are  everywhere  capped  by  the 
highest  rock  of  that  part  of  the  country,  the  Niagara  lime- 
stone, and  have  an  elevation  of  from  four  to  six  hundred 
feet  above  the  Mississippi  river ;  and  this  elevation  gives  us 
very  nearly  the  thickness  of  the  strata  from  the  St.Peters 
sandstone  to  the  Niagara  limestone*.  Now  if  we  were  to 
measure  the  entire  thickness  of  the  strata  from  the  Potsdam 
sandstone  to  the  Niagara  limestone,  on  the  borders  of  New- 
England,  or  along  the  Appalachian  chain,  we  should  find  it 
to  comprise  from  six  to  eight  or  even  ten  thousand  feet.  If, 
therefore,  instead  of  the  disturbances  which  we  find  in  this 
eastern  extension  of  the  same  beds,  we  had  the  undisturbed 
strata,  denuded  as  they  have  been  in  Wisconsin,  Illinois  and 
Iowa,  from  the  Niagara  limestone  downwards  to  the  Potsdam 
sandstone,  we  should  have  mounds  of  as  many  thousands  of 
feet  in  height  as  we  there  have  hundreds  of  feet. 

*  The  St.  Peters  sandstone  in  the  region  of  the  mounds  lies  just  below,  or  at  the  lerel 
of  the  Mississippi  river.  The  Potsdam  sandstone  lies  about  two  hundred  feet  below  the 
St.  Peters  sandstone. 

The  following  section  gives  vci^  nearly  the  relative  and  aggregate  thickness  of  the 
several  members  included  in  the  series;  the  measurements  given  being  the  greatest  as- 
certained at  any  poir.t. 

Niagara  limestone 150  feet. 

Hudson-river  group  » 100  feet. 

Galena  limestone »     •     •  250  feet. 

Trenton  limestone 100  feet. 

St  .Peters  sandstone 80  feet. 

Calciferous  sandstone  or  Lower  Magnesian  limestones^  200  feet. 

Potsdam  sandstone .,    •  ^^  ^*^^^- 
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Thus  it  would  appear  that  the  height  of  these  mountains 
is  not  due  to  upheaval  from  beneath,  or  to  the  folding  and 
plication  of  the  beds ;  but  that  the  dislocations  of  the  strata 
and  consequent  denudation  render  the  elevation  always  less 
than  it  would  have  been  made  by  the  actual  thickness  of 
the  strata,  had  they  remained  undisturbed  and  piled  upon 
each  other  in  their  horizontal  condition,  and  these  sub- 
jected to  the  same  denudating  agencies. 

Again,  in  proof  that  disturbances  of  the  strata  do  not 
necessarily  produce  elevation,  several  lines  along  the  country, 
or  lines  of  anticlinal  axes,  which  show  the  strata  to  be  inclin- 
ed from  ten  to  thirty  degrees,  far  from  producing  mountain 
features,  are  along  the  lowest  levels  of  the  country.  This 
occurrence  of  lines  of  highly  inclined  strata,  accompanied  at 
the  same  time  by  a  low  country,  shows  that  the  cause  pro- 
ducing such  disturbazice  is  not  that  producing  mountain 
elevations^. 

The  general  trend  of  the  older  strata  on  the  west  side  of 
Lake  Michigan  is  from  the  northwest  to  the  southeast,  or 
nearly  at  right-angles  to  the  direction  of  the  Cincinnati  axis 
and  the  lines  of  disturbance  along  the  Appalachain  chain. 
This  feature  presents  us  with  a  broad  expansion  of  the  Pots- 
dam and  Calciferous  sandstones,  stretching  to  the  southwest 
from  the  mountains  bordering  the  south  side  of  Lake  Supe*- 
rior.  Upon  the  latter,  which  is  an  indestructible  ma^esian 
limestone,  rests  the  St.Peters  sandstone ;  and  upon  this,  the 
resisting  strata  of  the  Trenton  limestone  group.  Approaching 
the  outcrop  we  find  a  few  outliers  or  mounds  of  the  sand- 
stane,  capped  by  the  Trenton  limestone,  which  have  with- 
stood the  denuding  action,  and  stand  out  as  indications  of 
the  former  extension  of  the  higher  beds  over  the  northeirn 
portions  of  this  region  of  country. 

After  passing  the  irregular  crop  of  the  Trenton  lime- 

*For  a  more  full  exposition  of  these  views,  see  introduction  to  the  third  volume  Pa- 
e ontology  Oi.  New- York. 
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stone.  It  forms  interruptedly  the  plateau  for  a  greater 
or  less  distance ;  when  we  again  find  outliers  of  the  suc- 
ceeding or  Hudson-river  group,  capped  by  the  Niagara  lime- 
stone, and  forming  the  well-known  Blue  mounds,  Platte 
mound,  Sinsinawa  mound,  Sherald's  mound  and  Table  mound, 
showing  a  unity  in  the  geological  features  from  Lake  Michi- 
gan to  the  northwestern  limits  of  these  formations. 

Carrying  on  our  observations  still  in  a  southwesterly 
direction,  the  succeeding  formations  of  the  Onondaga-salt 
group,  the  Leclaire  limestone,  the  Hamilton  and  Chemung 
groups,  form  no  conspicuous  feature  in  the  country ;  and  the 
Coal  measures  come  on  almost  imperceptibly,  first  in  small 
outliers,  and  then  in  broader  areas,  lying  unconformably  over 
the  slightly  inclined  edges  of  the  lower  strata. 

The  Coal  measures  extend  much  farther  north  along  the 
Mississippi  valley  in  Iowa  and  in  Illinois,  than  thisjCarboni- 
ferous  limestone ;  and  there  is.  clearly  a  want  of  conformity 
between  the  two,  where  they  occur  in  conjunction.  From  the 
data  already  collected,  it  appears  almost  certain  that  the  Coal 
measures  reach  to  the  northwestern  limits  of  the  State  of 
Iowa,  and  even  beyond  it  into  the  adjoining  territory.  In 
this  direction,  however,  the  formation  becomes  covered  by 
the  succeeding  deposits  of  Cretaceous  age,  and  the  productive 
Coal  measures  are  evidently  becoming  thinner,  so  that  no 
safe  prediction  can  be  made  of  their  real  value. 

These  formations  are  limited  on  the  north  by  the  older 
crystalline  rocks,  which  form  mountain  barriers  on  the 
northeastern  side  of  Lake  Huron ;  and  which,  crossing  the 
lower  extremity  of  Lake  Superior,  form  a  belt  of  varying 
width  on  the  south  side  of  that  lake,  and  extend  thence 
more  or  less  continuously  to  the  northwest. 

NoTK.  In  the  preceding  and  snbseqnent  chapters,  there  may  be  some  facts,  yiews  or 
opinions,  not  entirely  coincident  with  those  of  other  geologists,  and  for  these  the  writer 
alone  is  responsible.  J-  H. 


CHAPTER  III. 
GEOLOGY  OF  IOWA. 

GENERAL  RECONNOISSANCE. 
Gbjtbbal  REXAmKs— Potsdam  sahdstovi — Calcifbeous  SAirDnoirs — St.Pbtir8  savd* 

8T0KB — TftBKTOH  LI1fS8T0HB,  WITH  THE  8UB0RDIKATE  BBD8  OF  B1RO8ETB  ABD  BlAOK- 
miTBB  LIMB8T0BB— OaLENA  LIME8T0NE — ^HUDSOH-BXTBB  GROUP — ^MeDIKA  8ABD8TOHE— * 

CuBTOH  GB01TF— Niagara  liiibstobe — Leolairb  uxbstobb — Ohobdaga-8alt  grout^* 
Upper  Heldbrbbrg  umr8tobe8 — Haviltob  group — Chbemubg  group— Burlibotob 
UME8TONE — ^Keokuk  LIMB8TOHE — Warsaw  lixestobe — St.Louis  lixestobe — Fee* 

RUGIBOU8  8ABD8TOBB — ^KA8KA8KIA  LIME8TOBB--C0AL  MEASURES. 

With  a  view  of  acquiring  a  general  knowledge  of  the  geo- 
logical structure  of  the  State  of  Iowa,  it  became  necessary 
to  obtain  a  section  of  all  the  rock  formations  before  com- 
mencing the  examination  of  the  counties  in  detail.  The 
course  of  the  Mississippi  river  being  the  only  line  along 
which  a  complete  exhibition  of  this  geological  structure  is 
found  in  an  almost  continuous  natural  section  from  the  lower 
sandstone  to  the  coal  measures,  was  first  examined  from  the 
borders  of  Minnesota  to  the  mouth  of  the  Des  Moines. 

The  successive  rocks  and  groups  exhibited  in  a  section 
along  the  Mississippi  river,  from  the  north  to  the  south  line 
of  the  State,  are  given  below  in  the  descending  order.  The 
lowest  rocks  occur  only  in  the  northern  part  of  the  State; 
while  the  coal  measures,  as  will  be  seen,  occupy  the  central 
and  southern  portions,  and  the  complete  series  can  be  seen 
only  by  traversing  the  entire  length  of  the  State. 
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Place  of 


Coal  measures ; 

iKaskasia  limestone  and 
Ferruginous  sandstone  not  yet  known  to  be  developed  in  Iowa*; 
St.   Louis  limestone  ( of  Missouri  Reports),  equivalent  to  the 
brecciated  limestone  at  the  mouth  of  the  Des  Moines  (Owen's 
Report)  ; 

Warsaw  limestone ; 

Shales  and  marl  beds  with  geodes,  subordinate  to  the  limestone 

above  ; 

Keokuk  limestone  ; 

Chertj  beds  of  the  Keokuk  rapids,  subordinate  to  the  limestone 
above ; 

Burlington  limestone ; 

Chemung  group,  consisting  of  sandstones  and  shales ; 

Hamilton  group,  consisting  of  shales  and  shalj  limestones; 

Helderberg  (  Upper)  limestones  ; 

Onondaga-salt  group ; 

Leclaire  limestone  ; 

Niagara  limestone ; 

Hadfton*riT6r*groiip,  consLitii^  of  shales  and  limentoDea ; 

Oalena  limestone ; 

Trenton  limestone ; 

Black-river  and  Birdseje  limestones ; 

St.Peters  sandstone  (of  Owen)  ; 

Calciferous  sandstone,  or  Lower  Magnesian  limestone  of  Owen  ; 

Potsdam  sandstone. 

The  Mississippi  in  its  course  has  cut  across  all  these  beds, 
exposing  their  outcrop  in  greater  or  less  perfection  from  one 
end  of  the  State  to  the  other.  The  successive  members  of 
the  series,  dipping  to  the  southward,  disappear  one  after  the 
other  beneath  the  level  of  the  river,  allowing  the  next  higher 
members  to  come  in;  while  the  general  level  of  the  country 
gradually  declines  in  the  some  direction. 

Having  determined  this  order  in  a  satisfactory  manner, 
we  are  prepared  to  follow  out  and  examine  in  detail  each 
one  of  these  formations.  The  different  rocks  and  groups  here 
named  have  been  traced  over  wide  areas  in  several  of  the 

•Farther  to  the  south,  the  "  Femigfnous  sandstone"  of  the  tfwsonri  Reports  oomes 
in  above  the  StXcuiii  UnMstonfr;  and  ibOTe  tftat  Mii<tito]ie  Uq  tha  Umettoiiet  of  Kas* 
kaskia  and  Chester,  niinois. 
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United  States  :  their  chief  characteristics  are  therefore 
known,  and  also  the  mineral  products  which  they  will  pro* 
bably  afford.  As  these  formations,  however,  are  of  a  sedi- 
mentary origin,  they  may,  and  do,  change  more  or  less  when 
carefully  traced  over  wide  areas. 

It  is  an  object  of  great  importance  to  examine  these  rocks 
in  the  direction  of  their  line  of  bearing,  or  strike,  into  the 
interior  of  the  country.  This  is  not  easily  accomplished  in  a 
region  like  that  of  Iowa,  where  the  entire  surface  has  been 
subjected  at  different  periods  to  extreme  denudation,  and  is 
now  to  a  great  extent  covered  by  modern  drift  and  a  later 
lacustrine  deposit. 

The  Map  published  by  Dr.  Owen  exhibits  in  a  partial 
degree  the  direction  of  the  strata  below  the  Coal  measures ; 
while  the  accumulation  of  drift  has  rendered  it  difficult, 
without  long  continued  examinations,  to  trace  these  outlines 
through  the  State.  The  general  direction  of  the  strata  is  from 
the  southeast  to  the  northwest,  and  the  strata  or  beds  of  rock 
seen  at  any  point  on  the  Mississippi  may  be  followed  in  that 
direction  to  the  northern  limits  of  the  State.  The  extension 
is  of  course  not  in  a  direct  line,  but  has  been  interrupted  and 
the  outline  rendered  irregular  both  by  the  ancient  denudation 
and  by  the  action  of  modern  streams. 

Having  therefore  already  determined  the  different  mem- 
bers of  the  entire  series  occupying  the  State  of  Iowa,  their 
dip  and  direction  iu  general  terms,  it  yet  remains  to  investi- 
gate the  details  of  character,  exposure  and  products,  over 
the  area  occupied  by  each  individual  member. 

POTSDAM  SANDSTONE. 

This  lower  member  of  the  series  attains  its  greatest  ex- 
posure in  Minnesota  and  Wisconsin  north  of  the  limits  of 
Iowa,  and  about  the  region  of  Lake  Pepin.  From  this  point, 
the  rock  dips  both  to  the  northeast  and  southwest.  Its 
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gradual  dip  to  the  southward  has  diminished  its  area  where 
it  enters  the  State  of  Iowa  on  the  north.  The  excavation  of 
the  Upper  Iowa  river,  however,  has  removed  the  Calciferous 
sandstone ;  so  that  at  the  junction  of  that  river  with  the 
Mississippi,  there  is  exposed  a  broad  belt  of  the  lower  rock. 

In  following  up  the  Iowa  river,  the  sandstone  forms  the 
banks  for  more  than  twenty  miles  along  its  meandering  course, 
and  finally  disappears  as  the  ascent  of  the  river  bottom  rises 
above  the  level  of  the  outcrop.  Below  the  mouth  of  the  Upper 
Iowa,  this  rock  forms  the  bluffs  along  the  Mississippi,  ex- 
tending for  a  greater  or  less  distance  up  the  ravines  and 
valleys  of  the  larger  streams.  The  tops  of  the  high  blufis 
near  the  river,  however,  soon  become  capped  by  the  Calci- 
ferous sandstone,  and  we  observe  alternating  beds  of  the 
lower  sandstone  with  cherty  beds  of  the  higher  rock.  The 
sandstone  gradually  declines  from  cliffs  several  hundred 
feet  in  height,  to  the  level  of  the  river,  beneath  which  it 
finally  disappears  at  the  foot  of  Pike's  hill,  opposite  the 
mouth  of  the  Wisconsin  river,  and  a  short  distance  below 
McGregor's  landing. 

Some  slightly  calcareous  bands  of  this  rock  contain  frag- 
ments of  trilobites;  and  in  numerous  localities  shells  of 
Ltngula  are  found,  though  by  no  means  so  abundant  as  in 
the  same  rock  in  Minnesota.  These  fossiliferous  bands  appear 
in  the  vicinity  of  Lansing,  where  the  bed  containing  tri- 
lobites lies  some  sixty  feet  above  the  river.  At  this  point  I 
found  no  fossils  in  any  higher  position. 

In  its  general  characters  this  sandstone  is  a  friable  mass, 
usually  crumbling  on  exposure  to  the  frost  and  sun,  though 
certain  beds  of  no  great  thickness  are  sometimes  more  du- 
rable. It  is  usually  a  light  drab  color,  sometimes  nearly  white, 
and  not  unfrequently  stained  brown  by  the  oxide  of  iron, 
which  in  some  places  appears  in  great  abundance ;  but  there 
are  no  evidences  of  continuous  bands  of  iron  ore.  In  one 
locality  near  Lansing,  the  rock,  along  what  appears  to  be  an 
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oblique  fissure,  is  highly  charged  with  oxide  of  iron,  and 
some  portions  are  a  rich  iron  ore,  but  the  quantity  is  not 
sufficient  to  be  of  importance.  The  origin  of  this  ore  appears 
to  be  from  the  decomposition  of  iron  pyrites,  near  or  at  the 
junction  of  one  of  the  cherty  beds  above,  with  the  sa^ndstone 
below. 

CALCIFEROUS  SANDSTONE. 

LOWER  MAGNESIAN  LIM^TONE  OF  OWEN. 

From  the  point  last  mentioned,  or  a  little  north  of  it,  the 
outcrop  of  the  Calciferous  sandstone  bears  north  westerly,  with 
various  indentations,  to  the  Iowa  river ;  and  there  making 
an  abrupt  bend  in  a  westerly  direction,  returns  upon  the  op« 
posite  side  and  stretches  in  the  original  direction  to  the  north 
line  of  the  State,  and  thence  into  Minnesota.  This  rock 
occupies  a  broad  belt  of  country,  extending  from  near  the 
Mississippi  river  to  the  distance  of  twenty  or  thirty  mile0 
back,interrupted  only  by  a  few  outliers  of  the  succeeding  rock. 

The  prevailing  character  of  this  formation  in  the  West  is 
that  of  a  magnesian  limestone ;  though  in  its  lower  part  it 
is  often  arenaceous,  and  contains  beds  of  chert  of  greater  or 
less  thickness.  The  waters  at  the  close  of  the  Potsdam  period 
evidently  contained  much  silica  in  solution,  which  has  formed 
these  deposits ;  and  the  sedimentary  sand  is  not  unfrequent*- 
ly  associated  with  the  chert,  and  both  are  often  more 
or  less  mingled  with  the  calcareo-magnesian  material.  Cer«- 
tain  portions  of  the  beds  are  likewise  oolitic,  and  this  cha*- 
racter  sometimes  extends  to  the  higher  beds  of  the  rock 
below.  The  rock  is  usually  checkered  with  seams  and  joints 
on  its  exposed  surfaces,  and  presents  a  very  rude  exterior. 
In  some  of  its  localities,  however,  it  will  produce  a  durable 
building  material  *,  and  since  the  Potsdam  sandstone  is  usual- 
ly unfit  for  such  purposes,  the  supply  for  the  northeastern 
portion  of  the  State  will  be  derived  from  the  Calciferous 
ssndstone. 

[  Iowa  Survrt.]  7 
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Two  miles  below  Clayton  city  a  working  has  been  carried 
on  for  twelve  or  fifteen  feet  into  the  Calciferous  sandstone, 
in  search  of  lead  ore.  The  rock  is  highly  brecciated  and  very 
siliceous.  Galena  in  small  crystals  was  found  among  the  rub- 
bish thrown  out  of  the  opening.  A  second  opening  has  been 
made  a  few  feet  north  of  the  deepest  one,  but  does  not  pe- 
netrate as  far  into  the  rock.  A  few  rods  to  the  south  of  the 
last,  a  small  opening  has  also  been  made ;  but  in  neither  of 
these  does  there  appear  to  be  any  indication  of  a  continuous 
lode. 

In  this  neighborhood,  local  undulations  were  observed 
along  the  shore,  and  numerous  large  concretionary-like 
masses  were  seen  lying  in  the  direction  of  the  strata  or  lines 
of  bedding.  This  locality  is  probably  the  place  mentioned  by 
Dr.  Owen  in  his  Report,  where  several  thousand  pounds  of 
lead  ore  were  taken  out  of  the  rock ;  but  I  was  not  able  to 
obtain  definite  information  in  regard  to  the  working.  The 
indications  of  the  existence  of  any  considerable  quantity  of 
lead  ore  at  this  point  do  not  appear  to  be  favorable  ;  since  in 
this  immediate  neighborhood  the  rock  is  too  close  and  free 
from  fissures,  and  is  at  the  same  time  extremely  brecciated 
and  irregular  in  character.  Although  lead  ore  has  been  found 
at  several  other  places  in  this  rock,  and  particularly  at  one 
locality  in  Minnesota,  the  general  absence  of  fissures  and 
caverns,  which  are  the  indications  and  accompaniment  of 
the  lead  ores  in  the  limestones  of  the  West,  offers  a  strong 
presumption  against  the  occurrence  of  any  productive  lodes. 
Nevertheless  some  rare  and  fortunate  localities  may  be  found 
where  a  few  hundred  pounds  of  ore  may  be  obtained  in  a 
short  time,  and  within  a  small  space ;  but  such  instances 
are  not  to  be  regarded  as  other  than  isolated  ones,  and  they 
furnish  no  ground  for  concluding  that  the  country  occupied 
by  this  rock  will  ever  be  a  productive  mineral  region. 

The  Calciferous  sandstone  forms  a  conspicuous  feature  in 
the  bluffs  along  the  river,  from  below  Lansing,  to  its  final 
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disappearance  above  Gutenberg.  From  McGregor's  landing 
southward,  it  often  presents  a  remarkably  brecciated  cha- 
racter :  sometimes  throughout  a  thickness  of  forty  or  fifty 
feet  or  more,  it  is  a  huge  mass  of  breccia.  The  materials,  of 
the  rock  appear  to  have  been  broken  up  while  partially 
indurated;  the  interstices  are  often  filled  with  sand;  and 
fragments  of  friable  sandstone,  from  the  weight  of  an  ounce 
to  several  pounds,  are  found  mingled  with;  the  broken  rock 
itself.  In  some  instances,  these  included  fragments  of  sand- 
stone present  lines  of  deposition,  and  sometimes  of  discordant 
lamination,  showing  that  they  have  been  torn  from  masses 
of  rock  previously  indurated.  In  many  cases  the  brecciated 
character  seems  due  in  some  degree  to  internal  action  among 
the  materials  of  the  rock  itself,  an  action  that  has  at  the 
same  time  produced  a  concretionary  character;  since  the 
rock  is  not  only  brecciated,  but  likewise  concretionary.  A 
large  mass,  apparently  made  up  of  fragments,  will  often  be 
found,  on  breaking,  to  leave  an  interior  spheroidal  nucleus 
of  hard  and  tough  siliceous  limestone,  which  resists  heavy 
blows  of  the  hammer ;  while  large  portions  of  the  surround- 
ing mass  so  readily  break  into  small  fragments,  that  it  is 
difficult  to  obtain  a  cabinet  specimen  of  the  proper  form  and 
size.  The  outcrop  in  some  places  shows  one  or  more  lines  of 
large  concretionary  or  spheroidal  masses,  the  interstices  be- 
tween tbem  being  filled  with  iPragmentary  material  of  the 
same  rock. 

In  the  region  where  the  rock  is  most  extremely  brecciated, 
it  presents  an  uneven  outline  upon  its  surface.  Sudden 
depressions  occur  where  the  succeeding  rock  comes  in  at  a 
much  lower  level  than  it  occupies  on  either  side.  The. ap- 
pearance is  that  of  sudden  small  faults  or  downthrows,  as  if 
the  rock  over  a  certain  area  were  abruptly  depriBssed  before 
the  deposition  of  the  succeeding  one,  which  fills  the  inequa- 
lity, and  is  uninterrupted  in  the  continuity  of  its  own  beds 
above. 
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St.PETERS  sandstone  (of  Dr.  Owen's  Report). 

This  formation  Bucceeds  the  Calciferous  sandstone  in  all 
the  localities  examined  in  tho  Upper  Mississippi  valley. 

The  i!X>ck  occiurs  as  a  friable  or  incoherent  mass,  having  a 
thickness  of  from  fifty  to  eighty  and  even  one  hundred  feet. 
It  consists  of  grains  of  white  or  limpid  quartz,  loosely  ag- 
gregated, and  sometimes  having  so  little  coherence  as  to  be 
removed  from  the  bank  like  ordinary  sand  or  gravel  :  m<»re 
commonly,  however,  it  has  the  character  of  a  friable  rock» 
which  can  be  readily  wrought  by  a  common  pick ;  and  when 
broken  out  in  large  blocks,  they  will  scarcely  bear  handling 
or  transportation.  It  is  even  difficult  to  procure  cabinet  spe* 
eimens,  unless  by  selecting  the  exterior  weathered  surface, 
which  is  filightly  more  coherent  than  the  inner  portions. 
Although  the  grains  of  which  it  is  composed  are  <^  white  or 
limpid  quartz,  the  mass  is  often,  and,  particularly  near  the 
base,  much  stained  by  oxide  of  iron,  while  the  upper  por- 
tions are  frequently  quite  free  from  discoloration. 

This  sandstone  will  furnish  an  excellent  material  for  glass 
making;  and  whenever  that  branch  of  industry  shall  be 
established  in  the  Mississippi  valley,  an  abundant  supply  of 
silica  may  be  found  for  the  purpose,  from  the  Falls  of  St. 
Anthcmy  southward.  A  similar  sandstone,  alternating  with 
the  Calciferous  sandstone  in  Missouri,  is  already  used  in 
glas^-making. 

This  rock  occurs  in  several  outliers  on  the  south  side  of 
the  Upper  Iowa  river ;  some  of  them  occupying  considerable 
areas,  when  protected  by  the  more  resisting  Trenton  lime- 
stone which  sometimes  succeeds.  These  outliers  are  con- 
q)icuou8  features  in  the  country,  appearing  like  artificial 
mounds ;  but  where  the  limestone  has  been  removed,  they 
form  gentle  eminences,  and  become  gradually  lost  in  the 
general  undulatory  features  of  the  surface.  It  is  probable  that 
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some  remains  of  thia  rock  will  be  found  in  places  at  long 
intervals  north  of  its  outcrop,  lying  beneath  the  drift  which 
has  covered  the  entire  country. 

As  this  rock  approaches  the  Mississippi,  the  summits  of  the 
cliffs  recede  abruptly  from  the  terrace  formed  by  the  Cal- 
ciferous  sandstone,  owing  to  its  less  power  of  resisting  de- 
nudation. It  is  not  until  the  Trenton  limestone  comes  on  in 
sufScient  force  to  protect  this  sandstone,  that  the  cliffs  as^ 
sume  their  sharp  outline  above ;  and,  even  then,  they  present 
a  recession  above  the  Calci&rous  sandstone.  Sloping  abruptly 
from  this,  they  are  capped  by  the  succeeding  limestone  which 
rises  in  perpendicular  or  overhanging  cliffs.  In  consequence 
of  this  character,  as  the  sandstone  approaches  the  river,  the 
cliffs  have  the  aspect  of  a  double  terrace ;  the  first  being 
formed  by  the  Calciferous  sandstone,  and  the  second,  some 
eighty  feet  higher,  by  the  Trenton  limestone ;  beyond  which 
the  country  dopes  mtore  gently  to  Uie  interior. 

This  character  is  well  seen  on  the  Iowa  side,  opposite  the 
mouth  of  the  Wisconsin  river,  and  both  above  and  below 
this  point ;  but  perhaps  nowhere  more  distinctly  and  beau* 
tifuUy  than  above  the  mouth  of  the  Wisconsin  river  on  the 
east  side  of  the  Mississippi^  in  the  terraces  rising  up  from 
Prairie  du  Chien.  When  seen  from  the  cliffs  on  the  western 
side,  each  successive  member  of  the  several  formations  stands 
out  in  distinct  relief. 

On  the  Iowa  side  of  the  river,  this  rock  becomes  visible 
in  the  cliffs  a  few  miles  above  Gutenberg ;  thence  rising, 
as  the  Calciferous  sandstone  appears  from  beneath,  it  forms 
successively  the  lower,  middle  and  upper  part  of  the  cliffs 
from  tills  point  northward  by  Pikers  hill,  M'Gregw's  landing, 
and  for  some  distance  above.  Beyond  this,  it  gradually  re- 
cedes from  the  river  :  following  the  extremely  irregular 
outline  of  the  hills,  and  leaving  here  and  there  outliers,  it 
stretches  in  its  main  ouftcrop  to  \he  northwest,  reaching  the 
State  line  at  a  podnt  a  little  east  of  north  from  Fort  Atkinson, 


54  GEOLOGICAL  SUBYET  OF  IOWA. 

This  rock  is  not  so  conspicuously  developed  in  Iowa  as  in 
Wisconsin  and  Minnesota.  On  going  northward,  after  passing 
the  broad  elevation  of  the  Potsdam  sandstone  in  the  vicinity 
of  Lake  Pepin,  the  strata  decline  to  the  northward,  and  this 
sandstone  reappears  upon  the  banks  of  the  river  below  the 
Falls  of  St.Anthony .  It  is  the  rock  forming  a  part  of  the 
cliff  at  the  falls,  while  the  terrace  over  which  the  waters 
are  precipitated  is  the  Trenton  limestone.  Being  al  o  ccn- 
spicuously  developed  at  the  mouth  of  the  St.Peters  river, 
Dr.  Owen  has  given  it  the  name  of  St.Peters  sandstone. 

I  should  not  omit  to  state,  that  although  this  rock  dis- 
appears  beneath  the  river  above  Gutenberg,  it  reappears, 
where  the  channel  makes  an  abrupt  bend  to  the  east- 
ward, below  the  mouth  of  Turkey  river.  This  reappearance 
is  not  due,  apparently,  to  any  undulation  in  the  strata,  but  to 
the  easterly  direction  of  the  river,  which  brings  us  again 
in  the  line  of  strike  of  these  beds.  The  occurrence  of  the 
sandstone  at  a  much  lower  point  on  the  river,  and  within  a 
few  miles  of  Dubuque,  is  important  in  an  economical  point 
of  view. 


TBENTON  LIMESTONE,  WITH  THE  SUBORDINATE  BEDS  OP 
BLACK-RIVER  AND  BIRDSEYE  LIMESTONE. 

Throughout  all  that  part  of  Iowa,  Wisconsin  and  Minne* 
sota,  occupied  by  these  limestones,  the  beds  are  usually  so 
thin,  and  the  characters  so  variable,  that  no  advantage  can 
be  derived  frum  describing  them  separately. 

At  several  points  above  Dubuque  upon  Turkey  river  and 
other  places  in  Iowa,  at  Platteville  and  Mineral  Point  in 
Wisconsin,  at  the  Falls  of  St.Anthony  and  at  St.  Pauls  in 
Minnesota,  the  three  limestones  preserve  in  a  greater  or  less 
degree  their  distinctness  of  character  and  position.  Near  the 
base  there  is  usually  a  considerable  accession  of  shaly  matten 
and  the  beds  representing  the  Birdseye  limestone  consist  of 
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alternations  of  thin  calcareous  and  shaly  bands  or  laminsB  : 
these  latter  being  acted  upon  by  the  weather,  rapidly  dis- 
integrate, so  that  this  member  of  the  group  rarely  presents 
any  prominent  feature.  A  large  admixture  of  shaly  matter 
often  marks  the  Black-river  limestone,  which  in  some  of  its 
bands  contains  Ormoceras  tenuijUum  and  Gonioceras  anceps  ; 
which,  so  far  as  at  present  known,  are  restricted  to  this  rock. 

Sometimes  instead  of  alternations  of  shaly  and  calcareous 
laminsd  at  the  base  of  the  group,  there  are  beds  of  shale  of 
considerable  thickness  without  defined  limestone  bands.  In 
these  places  there  are  likewise  heavier  beds  above  and  be- 
low ;  but  the  normal  lithological  aspect  of  the  rock,  in  such 
cases,  is  not  preserved. 

The  Trenton  limestone  proper  is  marked  in  some  localities 
by  numerous  species  of  its  characteristic  fossils,  while  else- 
where fossils  are  extremely  rare.  In  some  places  and  through 
a  greater  or  less  portion  of  its  thickness,  it  maintains  the 
usual  lithological  characters  of  the  same  rock  in  more  eastern 
localities.  Drab-colored  magnesian  (?)  beds  occur  in  some 
places,  presenting  characters  unlike  the  rock  in  its  normal 
condition. 

This  rock  is  mostly  thinbedded ;  though  the  magnesian 
layers  are  firmer,  thicker,  and  usually  free  from  seams,  fur- 
nishing building  stones  of  moderate  dimensions,  and,  rarely, 
of  the  thickness  of  eighteen  or  twenty  inchess.  The  strata, 
however,  constituting  this  group  of  limestones  are  extremely 
variable  throughout  the  Mississippi  valley.  The  decrease  or 
augmentation  in  thickness  is  not  uniformly  in  one  direction, 
though  there  is  a  generally  increasing  thickness  towards  the 
south.  From  the  variations  exhibited  in  numerous  measured 
sections  along  the  Mississippi  river,  it  is  probable  that  the 
variation  in  thickness  and  character  of  the  beds  is  in  a  great 
measure  due  to  the  original  inequalities  of  the  surface  upon 
which  the  material  was  deposited. 

The  accession  of  beds  and  the  increase  in  thickness  are 
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chiefly  at  the  base  of  the  formation ;  while  the  higher  beds 
present  a  nearly  uniform  character,  and  are  everywhere 
marked  by  many  of  the  common  fossils  of  the  Trenton 
limestone,  such  as  Orthis  testudinaria^  Strophomma  altemata, 
S.fiiitextay  Leptana  sericea^  and  others. 

The  first  opportimity  of  obtaining  a  section  of  the  entire 
thickness  of  the  beds  was  at  Pike's  hill,  opposite  the  mouth 
of  the  Wisconsin  river.  The  beds  exposed  are  as  follows  from 
the  top  of  the  hill : 

Oalena  limestone 80  feet 

Trenton  and  Birdseye  limestones,  with  nomerous  fossils,     75  jfeet. 
Magnesian  beds  below. 
St.Peter8  sandstone. 

On  Turkey  river  at  Elkader  mills,  the  section  exposed 
gives  about  twenty  feet  of  highly  fosiliferous  Trenton  lime- 
stone below  the  Galena  limestone^. 

A  section  in  a  ravine  below  Clayton  city  gave  as  follows: 

Oalena  limestone  :  fifty  feet  or  more 50  feet. 

Alternations  of  Trenton  and  Oalena  limestones  ...    10  feet. 

Trenton  and  Birdseye  limestones  in  irregularly  laminated 

beds       20  feet. 

StPeters  sandstone    ............    75-80  ft. 

At  this  point  we  have  the  first  evidence  of  alternations 
of  the  Trenton  limestone  with  the  Oalena  or  lead-bearing 
limestone.  This  condition,  however,  is  more  fully  shown  in 
sections  fiurther  down  the  river.  The  junction  of  the  two,  in 
good  exposures  of  the  rock,  is  very  distinct,  the  bluish  gray 
color  and  fine  texture  of  the  Trenton  limestone  proper  con- 
trasting with  the  coarser  and  lighter-colored  magnesian 
galena  limestone. 

*  For  detaUi  of  teetion.  tee  under  head  of  Gkilena  limestone. 
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The  details  given  in  the  following  section  present  some 
variations  from  the  previous  ones  : 

Upper  part  of  a  Section  shovm  in  a  point  of  the  hill  at  Clayton  city; 
the  measurements  in  detail. 

0.  Heavy-bedded  Galena  limestone,  with  cayities  and  fissureB,  60  feet. 

8.  TUnbedded  fossiliferous  limestone  :  some  of  tbe  layers 

boff-oolored 20  feet. 

7.  Slope  over  debris •    •    •    •    •      6  feet. 

6.  Oreenisb  clay  and  stripes  of  buff-colored  clay,  with  con- 
cretions of  limestone 6  feet. 

6.  Heavy-bedded  limestone,  showing  fragments  of  fossils  on 

fresh  fracture,  and  weathering  to  an  ashen  or  buff  color,  10  feet. 

4.  Oray  Trenton  limestone  in  thin  layers  (fossiliferoos)  .    •  15  feet. 

8.  Heavy-bedded  magnesian  [?]  limestone 20  feet. 

2.  Oreen  shale  or  clay 2-3  ft. 

1.  StPeters  sandstone     .    .    * 70 -80  ft. 

In  this  section  the  subordinate  division  of  Birdseye  and 
Black-river  limestones  cannot  be  recognized.  *The  thin- 
bedded  Trenton  limestone,  characterized  by  numerous  fossils, 
lies  between  two  heavy  beds  of  magnesian  limestone*. 

No.  9  has  all  the  characters  of  true  Galena  limestone ; 
being  heavy-bedded,  with  a  rough  and  irregularly  weathering 
surface. 

No.  8  has  a  somewhat  unusual  appearance ;  having  the 
character  of  a  rock  produced  by  the  mingling  of  the  mate- 
rials of  the  Trenton  and  Galena  limestones. 

No.  6  is  a  green  unctuous  clay,  with  occasional  calcareous 
layers  and  calcareous  concretions  :  it  is  fossiliferous,  but 
contains  few  well-preserved  fossils.  In  its  character,  it  re- 

*  The  heavy-bedded  gray  subcrystaline  limestone  below  has  the  general  aspect  and 
character  of  a  magnesian  limestone,  though  its  composition  has  not  yet  been  determined 
by  chemical  analysis.  The  beds  above,  or  Galena  limestone  are  known  to  be  magnesian. 

[  Iowa  Suevbt.J  8 
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sembles  the  gr3en  inhales  of  the  Hudson-river  group.  The 
upper  limit  of  the  clay  or  shale  could  not  be  determined,  and 
it  probably  occupies  a  greater  thickness  than  here  given. 

No.  4  hds  the  usual  aspect  of  the  Trenton  limestone  in  the 
west ;  partaking  of  the  lithological  character  both  of  the 
Trenton  and  Birdseye  limestones,  and  marked  by  Trenton 
fossils.  The  layers  are  thin,  irregularly  laminated,  and  often 
with  shaly  partings. 

No.  3  consists .  of  heavy  beds  of  grayish  blue  limestone^ 
weathering  to  ashen  or  buff  color,  very  tough,  with  remains 
of  fucoids,  and  showing  some  shells  on  fracture.  It  has  the 
aspect  of  the  Chazy  limestone  in  some  of  its  phases,  but 
holds  no  fossils  by  which  its  relations  could  be  determined. 

No.  2,  which  is  a  green  shale,  is  everywhere  present  in 
this  part  of  Iowa,  forming  a  distinct  band  above  the  sand- 
stone. 

Following  this  exposure  of  the  Trenton  limestone  to  the 
southwest  along  the  river,  the  lower  beds  disappear  beneath 
the  river  bottom  above  Gutenberg.  The  cliff  at  the  back  of 
this  village  consists  mainly  of  the  limestones  described  in 
the  last  section  :  the  lower  members  lie  beneath  the  level  of 
the  bottom  land,  but  are  reached  in  quarrying.  The  lower 
heavy  beds  are  extensively  wrought  at  this  place  for  building 
stone,  and  a  large  proportion  of  the  buildings  in  the  place 
are  of  this  rock.  The  higher  portions  only  are  burned  for 
lime. 

The  following  section  illustrates  the  character  of  the  suc- 
cessive beds  forming  the  high  cliff  in  the  rear  of  the  town 
of  Gutenberg : 

Galena  limestone  in  massive  beds        40  feet. 

Thin  and  unevenly  laminated  limestone,  with  some  regular 
beds  and  chertj  layers;  all  containing  Trenton 
fossils 26  feet. 

Idore  evenly  and  thicker  bedded  gray  limestone.  The 
fossil  Recept acuities  occurs  near  the  top  of  this  di- 
vision   ,     t    f 24  feet. 
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Thinbedded  light  gray  oherty  limestone,  oontaining  Re- 

ceptactdites 25  feet. 

Green  clay 1  foot. 

Fossiliferous  Trenton  limestone  in  thin  nnevenly  lami- 
nated beds       25-30  ft. 

Heavy-bedded  magnesian  limestone,  resting  on  the  St. 

reters  sandstone 15  feet. 

The  total  thickness  of  beds  above  the  sandstone,  and  be- 
tween it  and  the  Galena  1  mestone,  is  about  one  himdred 
feet,  a  greater  thickness  than  was  observed  in  these  beds  at 
any  other  point  on  this  part  of  the  river. 

At  Buenavista,  the  top  of  the  Trenton  limestone  comes 
to  the  level  of  the  river;  and  owing  to  the  easterly  direction 
of  the  stream  from  this  point,  the  rock  continues  at  about 
the  same  elevation  for  some  distance,  until  finally  the  sand- 
stone below  it  rises  above  the  river,  as  seen  at  Potosi. 

As  the  river  resumes  its  southerly  direction,  the  rock 
again  declines,  so  that  at  Dubuque  the  Trenton  limestone  is 
but  a  few  feet  above  the  water-level. 

The  heavy  bedded  gray  limestone  in  the  Trenton  group 
affords  good  materials  for  ordinary  buildings,  and  some- 
times some  of  the  fossiliferous  beds  are  of  sufficient  thick- 
ness to  be  dressed  into  door  and  window  sills  and  lintels. 
The  entire  distance  from  Dubuque  to  Clayton  city  will 
afford  at  intervals  good  building  material,  and  there  are 
abundant  opportunities  of  opening  quarries  near  the  bank 
of  the  river. 

After  dipping  beneath  the  river  at  Dubuque,  the  Trenton 
limestone  and  its  associated  beds  are  not  seen  again  in  the 
State  to  the  southward  of  this  point.  These  limestones,  in 
their  northerly  extension  from  Dubuque,  form  a  conspicuous 
feature  in  the  cliffs  for  the  entire  distance  to  Pikers  hill.  Be- 
yond this  point  these  strata  appear  in  the  heads  of  the  ra- 
vines, approaching  within  from  one  to  three  miles  of  the  river, 
and,  upon  some  of  the  high  summits  beyond,  extending  quite 
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HUbSON-BIVER  GROUP. 

In  the  sections  of  rocks  heretofore  gvien  of  the  lead  re» 
gion  of  the  West,  the  Galena  limestone  is  represented  as 
succeeded  directly  by  the  Niagara  limestone,  the  whole 
forming  parts  of  the  *^  Upper  Magnesian  limestone,"  which 
has  thus  been  divided  by  Dr.  D.  D.  Owbn: 

1.  '<  Coralline  and  Pentamems  beds  of  the  Upper  MagQeaian  lime8t<me". 

2.  **  Lead-bearing  beds  of  the  Upper  Magnesian  limestone". 

Now  since  the  upper  portions  belong  to  the  Niagara  pe- 
riod, or  Upper  Silurian,  'end  the  lower  are  clearly  identified 
with  Lower  Silurian  rocks,  it  becomes  very  desirable  to  find 
some  stronger  line  of  demarcation  than  that  drawn  between 
two  portions  of  a  "  Magnesian  limestone". 

From  the  sections  given  on  the  preceding  pages,  it  will  be 
seen  that  the  Trenton  limestone  and  the  Galena  limestone 
are  closely  allied  one  with  the  other,  from  the  intercala* 
tion  of  beds  of  the  higher,  among  those  of  the  lower, 
showing  such  alternations  at  the  line  of  junction  as  to  prove 
them  parts  of  one  great  formation.  The  view  of  the  subject 
previously  entertained,  supposed  the  absence  of  the  Hudson- 
river  group  altogether.  The  position  of  this  group  is  direct- 
ly above  the  Trenton  limestone,  and  in  the  east  it  occupies 
a  conspicuous  position,  having  in  New-Tork  a  thickness  of 
from  one  to  three  thousand  feet*^,  and  in  Canada  and  Penn- 
sylvania of  six  or  seven  thousand  feet  or  more.  It  is  there 
composed  of  shales,  shaly  sandstones,  sandstones,  and  some- 
times conglomerates  with  subordinate  beds  of  limestone 
which  are  often  of  great  importance.  In  tracing  this  group 
westward,  it  had  previously  been  shown  to  decline  in 
thickness;  and  between  New-York  and  Lake  Huron,  in 
its  exteosion  through  Canada  West,  it  gradually  loses  its 

*  The  thickness  of  this  group  has  not  been  carefully  measured  on  the  eastern  borders 
of  the  State,  where  it  has  a  greater  thickness,  reaching  probably  to  five  thousand  feet. 
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arenaceous  beds,  and  becomes  more  argillaceous  and  cal- 
careous. In  this  condition  it  has  been  traced  from  Drum- 
mond's  Island,  by  Green  Bay,  aa  far  as  Lake  Winnebago, 
where  it  has  greatly  diminished  in  thickness. 

The  shales  of  this  group  have  been  removed  by  denuda- 
tion, to  form  the  broad  depressions  of  Green  Bay,  and  the 
valley  in  the  same  direction  as  far  as  the  head  of  Lake  Win- 
nebago. Beyond  this  point  these  calcareous  shales,  recognized 
as  the  "  Blue  limestone"*,  had  been  detected  by  Mr.  Lap- 
ham  in  several  places  in  the  eastern  part  of  Wisconsin. 

The  occurrence  of  the  shales  of  this  group,  above  the 
Galena  limestone,  was  recognized  by  Mr.  Peecival  as  the 
"Blue  shale",  underlying  the  limestone  of  the  mounds,  and 
is  well  described  by  him  on  page  eleven  of  his  first  Report 
of  the  Geological  Survey  of  the  State  of  Wisconsin. 

The  first  indix^ion  of  the  fexistence  of  this  group  in  Iowa 
was  observed  in  some  mound-like  elevations  near  the  Mis- 
sissippi river,  about  eight  or  ten  miles  below  Gutenberg.  On 
examination  these  proved  to  be  above  the  Galena  limestone, 
and  their  summits  capped  by  the  Niagara  limestone,  with 
Pentamerus  oblongus,  corals,  etc.  The  slope  afforded  no  op- 
portunity of  obtaining  a  section  of  the  beds  between  the 
two  limestones ;  but  from  the  character  of  the  soil,  the  gentle 
slope  of  the  hill,  and  other  indications,  it  was  presumed  that 
these  beds  occur  here.  Farther  down  the  river,  this  slope 
from  the  Galena  limestone  to  the  Coralline  and  Pentamerus 
beds  above,  is  every  where  of  the  same  character ;  being 
more  or  less  gradual,  but  never  exhibiting  any  outcrop  of 
limeston.es.  Although  springs  are  of  common  occurrence  on 
these  slopes,  there  are  few  ravines  or  water-courses  that 
offer  an  opportunity  of  investigating  the  beds.         . 

Our  attention  was  subsequently  directed  by  Mr.  CfflLDS  to 

•  The  term  Blue  limestone  was  originally  applied  in  the  Ohio  GreologicalJleports  to  the 
shales  and  limestones  of  the  Hudson-river  group  as  developed  in  the  neighborhood  of 
Cincinnati,  and  these  were  formerly  supposed  to  be  the  continuation  of  the  Trenton  lime« 
Btone  of  New-York, 

[Iowa  Suevbt.]  9 
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the  site  of  an  old  mill  on  the  Little  Makoqueta,  from  which 
some  fossils  had  been  obtained,  and  which,  from  their  pre- 
vious examination,  were  inferred  to  belong  to  the  Hudson- 
river  group.  At  this  locality,  though  the  shales  were  not 
seen  in  situ  above  water,  it  was  evident  that  they  had  been 
thrown  out  in  excavating  the  foundation  of  the  dam ;  and  a 
slide  of  gravel  and  clay  on  one  side  of  the  stream  may  have 
covered  up  what  was  formerly  an  outcrop  of  the  same,  since 
fragments  are  abundant  at  the  margin  of  the  stream.  On 
another  branch  of  the  stream,  upon  the  land  of  Mr.  Pitts, 
there  is  an  exposure  of  soft  shales  with  calcareous  bands 
containing  abundance  of  Orthoceratites ;  while  the  shaly 
strata,  in  some  parts,  are  filled  with  Tellinomya  {Nucula) 
levata.  The  details  of  this  section  are  given  below  : 

17.  Top  of  bank  of  stream ;  calcareous  bed,  compact  com- 
minuted shells ;  a  few  Orthoceratites. 

16.  Shale  with  graptolite«like  markings    .......       1  foot. 

15.  Calcareous  bed,  with  comminuted  fossils 1  foot. 

14.  Fissile  shale 10  or  12  in. 

13.  More  compact  calcareous  bed,  with  comminuted  and  mi- 
nute fossils ;  some  Orthoceratites 18  inches. 

12.  Shaly  calcareous  bed,  with  comminuted  and  minute  shells,  16  inches. 

11.  Orthoceratite  bed 8  or  10  in. 

10.  Shale 6  inches. 

9.  Orthoceratite  layef 7  inches. 

8.  Shaly  calcareous  matter 6  inches. 

7.  Orthoceratite  bed 1  foot. 

6.  Shale 7  inches. 

5.  GalcSreous  bed,  with  Orthoceratites  and  minute  shells    .  8  inches. 

4.  Shale  with  minute  fragments  of  shells  and  graptolite-like 

markings 10  inches. 

5.  Concretionary  layer 1  foot. 
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2.  Calcareous  bed  with  minute  shells  like  young  Orthooera- 

'tites 1  foot. 

1.  Shale  with  Lingula,  12  feet  from  bed  of  stream     ...     12  feet. 

The  entire  section  exhibits  scarcely  more  than  twenty- 
five  feet  in  thickness,  but  is  remarkable  for  the  conditions 
of  the  beds  of  which  it  is  composed.  The  lowest  bed  of 
shale  is  probably  not  far  above  the  level  of  the  Galena 
limestone,  which  forms  the  top  of  the  hill  near  Dubuque. 
The  calcareous  beds  appear  to  consist  in  great  proportion 
of  comminuted  shells,  with  minute  fossils  of  several  species. 
The  Orthoceratites  are  as  abundant  as  if  they  had  been 
thrown  together  alone,  and  the  interstices  aftepvards  filled 
with  calcareous  mud.  Indeed  so  abundant  are  these  fossils, 
and  so  closely  packed  that  it  is  difl&ciilt  to  procure  an  entire 
specimen.  The  only  large  bodies  are  the  Orthoceratites, 
some  of  which  are  six  inches  in  length  and  an  inch  in 
diameter,  though  usually  smaller  :  all  the  other  fossils  are 
extremely  small.  The  materials  of  the  beds  are  very  finely 
comminuted,  as  if  transported  by  gentle  currents  and  de- 
posited in  deep  water. 

The  black  shale,  at  the  base  of  the  section,  is  not  unlike 
the  Utica  slate,  and  the  presence  of  Lingula  of  a  large  and 
small  species  enhances  the  resemblance. 

A  similar  shale,  with  broken  fossils,  was  subsequently  found 
thrown  out  of  a  shaft  or  pit  some  two  miles  west  of  Dubuque, 
and  directly  above  the  upper  Galena  limestone.  In  the  same 
vicinity  the  debris  above  the  limestone  contains  Nucula  or 
Tellinomyay  and  Orthoceratites.  The  slope  below  the  top  of 
Table  mound,  and  all  the  similar  mounds  of  this  neighbor- 
hood, as  well  as  the  slope  to  the  southward  from  the  Galena 
limestone  to  the  Niagara  limestone,  are  over  the  same  strata. 
It  has  been  impossible  to  obtain  a  measurement  of  the 
entire  thickness  of  the  beds,  but  in  these  outliers  there 
appears  to  be  no  more  than  fifty  feet. 
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Examinations  made  upon  the  east  side  of  the  river  show 
the  presence  of  these  shaly  beds  in  the  base  of  all  the 
mounds  above  the  lead-bearing  rock,  and  in  all  places  where 
the  country  rises  much  above  the  level  of  the  Galena  lime- 
stone. At  Scales  mound,  the  Chicago  and  Galena  railroad 
has  been  cut  through  the  shales  of  this  group,  giving  a  verti- 
cal section  of  a  little  more  than  forty  feet.  This  section, 
however,  does  not  extend  to  the  base  of  the  limestones  above, 
which  come  on  at  some  distance  from  the  railroad,  and  at  a 
higher  elevation,  so  that  accurate  measurements  could  not 
be  obtained.  The  entire  thickness  is  probably  less  than 
seventy-five  feet,  and  apparently  but  little  more  than  sixty 
feet. 

After  leaving  Dubuque,  the  shales  of  this  group  approach 
the  Mississippi.  The  Galena  limestone  gradually  dipping  to 
the  south,  descends  beneath  the  river  at  Bellevue ;  and  the 
green  shales  rise  in  an  abrupt  slope  at  the  back  of  the  town, 
and  are  capped  by  about  fifty  feet  of  the  Niagara  limestone. 
Along  this  slope  the  decomposing  shales  are  foimd  within  a 
few  feet  of  the  surface. 

The  section  at  Bellevue  gives  the  following  measurements : 

f  10  feet  limestone ;  a  part  of  it  in  thin  beds. 
Niagara         31  feet  limestone,  thicker  beds,  buflf  colored ;  ten  feet  of 
LIMESTONE.  the  higher  beds  thicker  than  those  below. 

^  10  feet  limestone  in  thin  layers. 

HuDSON-RiYEB  (  60  feet,  or  more,   green  shales ;   a  slope  to  the  riyer 
OBOUP.         (  bottom  (  base  not  seen). 

Thinbedded  Upper  Galena  limestone,  about  ten  feet  above 
the  lowest  stage  of  water  in  the  Mississippi*. 

In  consequence  of  the  easterly  direction  of  the  river,  the 
shales  of  the  Hudson-river  group  continue  above  the  water 
level,  and  appear  at  their  full  development  as  low  down  as 
Sabula;  where  the  cliff,  at  Savannah,  on  the  opposite  side 

*  The  actual  contact  of  the  shales  with  the  limestone  below  was  not  ohserred;  the 
base  of  the  hill  coming  oat  at  the  gravelly  plateau,  and  the  limestone  being  visible  only 
in  the  stream  and  bank  of  river  at  the  lower  part  of  the  town. 
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of  the  river,  gives  a  section  of  some  eighty  or  ninety  feet. 
At  this  place  the  calcareous  bands  have  increased  in  thick- 
ness and  frequency;  and  the  whole  mass  has  much  the  same 
appearance  as  at  Cincinnati,  Ohio,  and  Madison,  Indiana. 
Among  the  fossils  occurring  here  are  Orthis  occidentalisj  O. 
testudinariay  Strophomena  alternataj  S.JUitextaf  and  others 
which  do  not  occur  in  the  exposures  of  these  shales  farther 
to  the  north.  In  general  character  the  section  presents  the 
same  beds  as  at  Bellevue. 

The  shales  of  this  group  finally  disappear  beneath  the 
river  before  reaching  Lyons,  at  which  point  the  Niagara 
limestone  comes  to  the  level  of  the  river.  We  shall  probably 
be  able  hereafter  to  find  some  sections  of  this  group  farther 
to  the  northwest,  which  may  prove  its  character  and  thick- 
ness. All  the  facts  at  present  known  regarding  it  show  that 
it  becomes  gradually  thinner  in  that  direction;  and  we 
infer,  from  the  exposures  observed,  that  it  does  not  exceed 
seventy-five  feet  in  thickness  (and  is  probably  less  than 
that)  on  the  branches  of  the  Little  Makoqueta  creek.  On 
the  Ohio  river  at  Cincinnati  it  is  more  than  five  hundred 
feet  in  thickness,  while  the  Geological  Report  of  Missouri 
gives  to  this  group  one  hundred  and  twenty  feet;  The 
great  development  which  it  attains  in  eastern  localities, 
compared  with  these  observations,  shows  that  there  is  a  con- 
stant diminution  to  the  westward;  and  we  may  expect  to 
find  its  greatest  tenuity  or  absolute  disappearance  from 
thinning  out  somewhere  about  the  head  waters  of  the 
western  branches  of  Turkey  river. 

In  a  country  so  largely  occupied  by  limestones,  the  extent 
and  limits  of  this  shaly  group  are  important  points  to  be 
determined.  Along  its  entire  outcrop  may  be  found  springs 
of  water,  and  fresher  vegetation  than  upon  the  limestones ; 
while  its  decomposition  produces  beds  of  clay  fit  for  brick- 
making.  Its  occurrence,  where  denuded  of  the  superin- 
cumbent limestone,  gives  a  gentle  undulating  surface  to  the 
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prairie  country;  and  where  capped  by  the  limestone,  we 
observe  usually  a  flat  or  gently  rounded  summit  with  abrupt 
walls  corresponding  with  the  greater  or  less  thickness  of  the 
limestone,  and  below  this  the  slope  over  the  shales.  These 
rocks  form  those  remarkable  mounds,  such  as  Table  mound 
near  Dubuque,  Sinsinawa  mound,  Blue  mound.  Scales  mound. 
Pilot  Knob,  &c.,  which  are  so  well  known  and  are  such  strik- 
ing features  in  the  scenery  of  the. country  bordering  upon 
and  within  the  limits  of  the  lead  region  of  the  West. 

Fio.  4. —  Section  at  Belle vue. 

j^ji^^^^ffer^  Niagara  limestone. 

/^^     "     i_^  ^"^  Hudson-river  group. 

f^rX'ST^:^<-,./^"-^-.  ^r-^;JZ^:'  Galcna  limestone. 


MEDINA  SANDSTONE,  CLINTON  GROUP,  &c. 

In  the  States  of  New- York  and  Pennsylvania,  and  in  the 
country  to  the  southwest  of  these,  the  Hudson-river  group  is 
succeeded  by  sandstones  and  shales,  with  limestones,  includ- 
ing beds  of  iron  ore,  etc.  This  group  of  beds  is  scarcely 
recognized  in  the  west,  and  a  single  locality  in  Wisconsin  is 
the  only  authentic  one  yet  known  in  that  region.  A  thin 
band  of  green  shale,  with  a  band  of  ochreous  clay,  beneath 
the  Niagara  limestone  near  Lyons,  indicates  perhaps  the 
existence  of  the  Clinton  group. 

The  occurrence  of  small  quantities  of  iron  ore  at  the  base 
of  the  Niagara  limestone,  and  disseminated  in  various  parts 
of  that  rock,  may  also  indicate  the  ( xistence  of  the  condi- 
tions accompanying  the  Clinton  group,  even  beyond  the 
point  where  any  considerable  accumulation  of  its  sediments 
occur. 
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If  existing  within  the  State,  the  beds  marking  this  group 
will  probably  be  confined  to  depressions  in  the  strata  beneath, 
which  may  have  been  partially  or  entirely  filled  by  the  finer 
transported  materials.  Although  the  iron  ore  of  this  age  in 
Wisconsin  is  of  great  economical  importance  in  the  particu- 
lar localities  where  it  occurs,  it  has  no  wide  distribution; 
and  the  same  will  probably  be  true  of  Iowa,  should  similar 
localities  be  found. 


NIAGARA  LIMESTONE. 

The  Niagara  group,  where  fully  developed,  consists  of 
shales  and  limestones  sometimes  intermingled,  and  some- 
times in  separate  and  successive  divisions.  In  the  west  the 
group  is  represented  almost  entirely  by  limestone.  This  is 
highly  magnesian,  often  light-ash  colored  or  nearly  white 
on  fresh  fracture,  weathering  to  a  dingy  gray  or  brownish 
gray,  and  porous,  or  irregularly  cellular  from  the  removal  of 
organic  bodies.  The  fossils  occur  either  as  silicified  casts,  or 
as  impressions  left  by  the  shell  or  other  body,  the  original 
substance  of  which  has  been  dissolved  and  carried  away.  In 
consequence  of  this  condition,  many  of  the  finer  fossils  which 
the  rock  once  contained  are  found  only  as  imperfect  casts  or 
impressions. 

The  rock  contains  a  large  proportion  of  light-colored  chert 
or  hornstone,  which  is  sometimes  in  continuous  irregular 
nodular  layers,  or  in  a  line  of  nodules  distributed  through 
the  rock  in  parallel  layers,  and  coincident  with  the  lines  of 
bedding.  In  the  decomposition  of  the  rock,  the  chert  is 
broken  into  small  fragments  by  the  action  of  frost,  and  the 
soil  is  often  filled  with  this  material.  To  such  an  extent 
does  it  sometimes  occur,  that  the  line  of  its  outcrop  is 
marked  by  a  well-formed  road  made  upon  the  broken  chert, 
which,  from  affording  rapid  drainage,  and  being  at  the  same 
time  very  hard^  renders  it  permanent  and  dry. 
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The  corals  in  this  rock  are  usually  silicified,  and  are  thus 
well  preserved.  The  Halysites  catenulata  {Catenipora  escha- 
roides)  is  a  very  abundant  and  characteristic  fossil.  It  occurs 
everywhere  along  the  exposures  of  this  rock,  and  we  have 
yet  learned  of  only  a  single  specimen  having  been  found  in 
any  rock  above  or  below  this  in  the  west*. 

The  Niagara  limestone  approaches  the  river  a  few  miles 
below  Dubuque,  and  continues  to  be  a  more  or  less  con- 
spicuous feature  in  the  cliflfs  from  above  Bellevue,  to  within 
a  few  miles  of  the  Upper  Rapids ;  or,  more  properly,  as  far 
as  the  mouth  of  the  Wapsepinicon  river,  above  the  junction 
of  which  with  the  Mississippi  it  declines  beneath  the  sur- 
face. From  the  point  above  Bellevue  where  it  recedes  from 
the  river,  its  outcrop  continues  in  a  northwesterly  direction; 
and  passing  to  the  west  of  Turkey  river,  reaches  the  north 
line  of  the  State  in  Howard  county.  There  are  several  out- 
liers of  this  rock  forming  the  summits  of  mounds  already 
noticed  to  the  north  of  Dubuque,  and  within  a  short  dis- 
tance of  the  Mississippi  river.  Table  mound,  and  numerous 
other  elevations  about  the  waters  of  the  Little  Makoqueta, 
have  their  summits  of  this  rock.  The  southwesterly  limit 
of  this  formation  is  nearly  coincident  with  the  valley  of  the 
Wapsepinicon  for  some  distance  above  its  mouth,  and  the 
valley  of  this  river  will  probably  be  found  to  mark  the  line 
of  junction  between  the  Niagara  limestones  and  the  lime- 
stone of  the  Rapids  at  Leclaire. 

This  rock  has  been  denominated,  in  the  Report  of  Dr.  D. 
D.  Owen,  the  "  Coralline  and  Pentamerus  beds  of  the  upper 
magnesian  limestone".  Certain  layers  are  charged  with  corals 
of  several  species,  which  will  be  hereafter  noticed,  while 
other  beds  are  filled  with  Pentamertcs  oblongus.  This  shell  is 

•  A  single  specimen  (a  cast)  of  Halyntea  catenulata^  or  a  species  closely  correspond- 
ing to  it,  has  been  found  in  the  Galena  limestone.  This  fact  corresponds  with  discoveries 
lately  made  In  the  Canada  Geological  Survey,  where  this  coral  is  found  associated  with 
Lower  Silurian  fossils. 
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known  to  mark  the  formation  through  Wisconsin  and  Iowa, 
and  is  everywhere  a  reliable  guide  for  the  det^mination  of 
this  rock. 


LIMESTONE  OP  THE  RAPIDS  OP  LECLAIRE. 

In  descending  the  Mississippi  river,  the  Niagara  limestone 
is  succeeded  by  a  gray  or  whitish  gray  limestone,  sometimes 
yellowish  gray  on  fresh  fracture.  The  whole  mass  is  semi- 
crystalline,  very  porous,  and  vesicular  from  the  solution  and 
removal  of  fossils*.  It  is  sometimes  so  extremely  and  uni- 
formly vesicular  as  to  resemble  the  porous  lavas  or  amygda- 
loids.  The  surface  is  harsh  to  the  touch,  and,  on  fresh  frac- 
ture, has  the  sharpness  and  harshness  of  a  siliceous  rock. 
It  would  nevertheless  appear  to  be  a  magnesian  limestone, 
but  is  reputed  to  make  the  best  lime  in  that  region  of  coun- 
tr3^  The  brecciated  beds  are  not  restricted  to  any  particular 
position,  but  occur  near  the  base  of  the  section  measured, 
in  the  middle,  and  near  the  upper  part.  These  portions  are 
sometimes  quite  destitute  of  fossils,  and  usually  they  contain 
but  few. 

This  rock  first  appears  above  Leclaire,  and  dipping  gently 
beneath  the  river,  is  lost  sight  of  for  some  distance ;  when 
it  reappears  on  the  north  side  of  the  town,  dipping  to  the 
northeast,  and  soon  rises  to  an  elevation  of  thirty  to  forty 
feet  or  more.  It  ascends  to  the  southward  till  near  the 
small  stream  in  the  upper  part  of  the  village ;  and  here 
forming  an  anticlinal  axis,  dips  again  to  the  southward,  and, 
at  the  present  steamboat  landing,  assumes  a  nearly  horizon* 
tal  position. 

*  There  is  a  small  species  of  Spirigwa  scarcely  larger  than  a  cherry  stone,  which 
occurs  in  myriads  in  this  rock  :  the  shell  is  nsually  entirely  removed,  leavhig  innnmera* 
hie  small  caTities,  in  which  is  sometimes  preserved  the  interior  spiral  apparatus  of  the 
animal.  Other  portions  of  the  rock  contain  a  great  abundance  of  a  small  LiUQrina']Sk» 
shell,  which  is  likewise  usually  removed,  leaving  tmall  cavities. 
[lowA  StmVKT.]  10 
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Forming  a  broad  low  curve  in  the  synclinal,  it  again  rises 
to  the  southward,  and  forms  a  continuous  low  cliflF  for  a 
quarter  of  a  mile,  constantly  dipping  to  the  north.  With 
some  slight  interruptions  it  extends  for  a  mile  farther  below, 
presenting  in  this  distance  two  low  anticlinal  and  two  syn- 
clinal axes,  and  finally  disappears  with  a  northerly  dip.  The 
lower  part  of  the  village  of  Leclaire  lies  in  a  synclinal  axis ; 
and  towards  the  north  there  is  another  synclinal  about  two 
miles  distant,  above  the  mouth  of  Quarry  creek. 

This  limestone  in  itself,  and  also  in  its  folded  and  uplifted 
condition,  is  of  much  interest.  From  our  encampment  below 
the  town,  this  rock  was  carefully  measured  in  its  outcrop 
along  the  river  bank,  noting  all  changes  in  character,  to  the 
junction  of  this  limestone  with  the  rock  above.  As  it  ap- 
proaches or  recedes  from  the  anticlinal  and  synclinal,  the 
dip  varies  from  five  to  thirty  degrees.  The  thickness  obtained 
by  this  measurement  was  five  hundred  and  forty  feet ;  and 
between  our  encampment  and  the  next  anticlinal  there  were 
not  less  than  one  hundred  feet*,  and  probably  much  more. 

In  consequence  of  its  disturbed  condition,  and  the  en- 
during character  of  the  beds  which  have  greatly  resisted 
denudation,  we  have  the  broad,  shallow,  rocky  bed  of  the 
Mississippi  at  this  point,  with  the  rapidly  running  water, 
and  the  consequent  interruption  of  navigation.  This  place  is 
known  as  the  Upper  Rapids  of  the  Mississippi,  in  contra- 
distinction to  the  Rapids  of  Keokuk,  known  as  the  Lower 
Rapids ;  the  latter  being  over  cherty  beds  of  the  Keokuk 
limestone  of  the  Carboniferous  period. 

So  far  as  we  are  able  to  ascertain,  this  important  limestone 
formation  has  not  heretofore  been  recognized  in  western 
geology;  or,  if  recognized,  has  been  confounded  with  the 
Niagara  limestone.  From  this,  however,  it  is  quite  distinct, 
both  in  its  lithological  character  and  in  its  fossil  remains. 

*  Circnmstanoes  beyond  our  control  prevented  the  careftil  measurement  of  this  part 
of  the  section. 
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The  fossils  are  all  in  the  form  of  casts,  and  among  them 
is  a  small  Sptriferj  a  Spirigera,  a  Pentamerus  undistinguisha- 
ble  from  P.  occidenialisy  several  gasteropods,  and  some  cham- 
bered shells  In  this  reconnoissance  bo  very  complete  col- 
lections were  made ;  but  as  far  as  they  enable  us  to  form  an 
opinion,  the  fossils  of  the  limestones  of  the  Leclaire  rapids 
are  very  similar  to  those  of  the  limestone  of  Gait  in  Upper 
Canada,  although  further  examination  is  necessary  for  this 
determination.  The  similarity  of  position  is  worthy  of  notice. 
The  limestone  of  Gait  has  been  placed  in  parallelism  with 
the  base  of  the  Onondaga-salt  group,  from  a  comparison  of 
fossils  there  found,  with  some  from  the  lower  part  of  the 
same  group  in  New- York.  At  the  locality  of  which  we  .are 
now  speaking,  the  synclinal  axis  within  the  town  brings  in 
beds  of  yellowish  magnesian  limestone,  which  are  the  con- 
tinuation of  the  upper  part  of  the  Onondaga-salt  group.  Two 
miles  farther  up  the  river,  in  the  valley  of  a  small  stream, 
there  is  a  still  more  e:^tensive  exposure  of  beds  of  the  same 
age ;  which  will  be  shown  in  the  section  under  that  head. 
The  relations  of  this  limestone  to  the  Niagara  limestone  on 
the  one  hand,  and  to  the  Onondaga-salt  group  on  the  other, 
correspond  precisely  with  the  limestone  of  Gait. 

Should  the  identity  of  the  limestone  of  these  two  dis- 
tant localities  be  proved,  it  will  afford  sufficient  ground  for 
separating  these  beds  from  the  Onondaga-salt  group,  and  for 
establishing  a  distinct  group.  It  seems  quite  probable  that 
the  limestones  of  this  period  have  their  eastern  extremity 
in  Central  New- York,  where,  from  their  small  development, 
as  well  as  from  similarity  of  lithological  character,  there 
seemed  no  sufficient  ground  for  separating  them  from  the 
Bon-fossiliferous  beds  of  the  Onondaga-salt  group.  Since, 
however,  in  Canada  these  beds  attain  considerable  impor- 
tance, and  (admitting  the  conclusions  above  given)  acquire 
a  still  greater  thickness  and  more  distinctive  character  on 
the  Mississippi  river,  it  seems  necessary  to  elevate  them  to 
the  same  rank  as  the  other  groups  of  the  series. 
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ONONDAGA-SALT  GROUP. 

The  term  Onondaga-salt  group  was  adopted  by  the  geolo- 
gists of  New-Tork  as  the  designation  for  a  set  of  beds  con- 
sisting of  shale,  marly  argillaceous  and  mie^esian  limestones, 
etc.,  constituting  altogether  a  group  well  marked  by  its  li- 
thological  characters.  In  the  Reports  of  the  third  and  fourth 
geological  districts,  this  group  was  shown  to  be  the  source  of 
the  principal  brine  springs  of  the  State,  and  particularly 
those  of  Onondaga  county.  The  same  group  was  shown  to 
embrace  the  gypsum  beds  so  extensively  wrought  in  the 
central  part  of  New- York,  and  to  be  the  source  of  the  re- 
markable acid  springs  in  the  western  counties.  This  group 
of  strata  was  traced  through  the  length  of  the  State ;  being 
very  thin  at  its  eastern  extremity,  having  its  greatest  thick- 
ness and  importance  in  the  centre  of  the  State,  and  gradual- 
ly diminishing  to  the  westward.  The  same  group  is  also  well 
marked  in  Canada  West,  by  the  presence  of  gypsum  beds 
and  acid  springs ;  and  the  same  series  of  strata,  though  much 
thinner,  is  recognized  in  Ohio  both  by  lithological  aspect 
and  by  the  presence  of  gypsum. 

In  descending  the  Mississippi,  as  already  described,  the 
limestones  of  Leclaire  on  their  first  appearance  dip  gently 
to  the  southward,  and  pass  below  the  river  in  a  shallow 
synclinal  axis,  rising  again  at  the  northern  side  of  the  town. 
As  these  beds  disappear  beneath  the  river,  they  are  suc- 
ceeded by  thin  and  evenly  bedded  drab-colored  limestones 
with  shaly  partings ;  the  thin  beds  sometimes  shaly  through- 
out, and  the  more  compact  ones  striped  by  narrow  lines  of 
lighter  and  darker  colors.  The  lines  of  lamination  are  dis- 
tinctly seen  in  some  of  the  beds ;  while  others  are  marked 
by  irregular  cavities  lined  with  small  crystals.  The  aspect 
of  the  beds  is  in  all  respects  precisely  like,  the  limestones 
of  the  upper  part  of  the  Onondaga-salt  group.  Its  character. 
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taken  in  connexion  with  its  position  above  the  Niagara  lime- 
stone, leaves  no  doubt  in  regard  to  the  identity. 

These  rocks  first  appear  on  the  river  about  two  miles  above 
Leclaire,  where  beds  of  the  character  described  alternate 
with  thin  beds  containing  casts  of  fossils,  as  Atrypa^  etc.  One 
mile  above  Leclaire,  near  the^mouth  of  a  small  stream,  the 
rocks  are  exposed  in  the  bank  of  the  river,  where  they  have 
been  quarried. 

The  following  beds  were  measured  at  this  place : 

Slaty  or  tMnlj  laminated  beds  of  limestone     ....       1  foot. 

Drab  limestone  with  corals     .     .     » 4-12  inches. 

Thinly  laminated  and  slaty  limestones »      2  feet. 

Drab  limestone  in  layers  2,  4  and  6  inches  thick      .     .       2  feet. 

Porous  or  yesicnlar  limestone,  the  lower  bed  12  to  14 
inches  thick ;  the  upper  layers  from  2  to  4  inches 
thick 3  feet. 

Beds  like  ordinary  hydraulic  limestone,  the  lines  of  lami- 
nation iron-stained .1  foot  8  inches 

to  water  level. 

All  the  above  have  the  aspect  of  the  upper  part  or  water- 
lime  beds  of  the  Onondaga-salt  group. 

In  going  up  the  valley  of  Quarry  creek  a  short  distance 
below  the  preceding  section,  a  farther  exposure  of  the 
beds  of  this  group  can  be  seen.  The  following  section  com- 
mences at  a  level  a  few  feet  higher  than  the  top  of  the 
last  section ;  and,  with  an  interval  or  hiatus  of  a  few  feet, 
is  continuous.  Every  part  of  this  section  has  been  carefully 
measured,  not  only  on  account  of  its  economical  importance* 
but  for  its  extreme  interest  in  a  geological  point  of  view,  as 
representing  an  important  group  of  strata,  which  in  its  full 
development  in  New- York  has  a  thickness  of  more  than  one 
thousand  feet. 
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Section  along  the  Banlcs  of  Quarry  creeky  three-fourths  of  a  mile  above 

Leclaire, 

Thinly  laminated  beds  splitting  into  slaty  layers ;  the 

upper  3  feet  a  little  thicker  bedded      .....       8  feet. 

Layers  of  half  an  inch  to  two  inches  thick      ....       2 J  feet. 

Beds  similar    to  those  below  ;  the  higher  beds  thinning 

to  3  or  4  inches ,       OJ  feet. 

Yellowish  buff-colored  limestone,    in   beds  from  4  to  8 

and  10  inches,  and  2  feet  in  thickness        ....     35  feet. 

A  few  feet  where  no  rock  is  seen. 

Drab  argillaceous  limestone,  in  layers  of  2  to  6  inches 

thick 10  feet. 

Thinly  laminated  and  slaty  argillaceous  limestone     .     .       8  - 10  ft. 
A  few  feet  where  no  rocks  are  seen. 

Thinly  laminated  beds 4  feet. 

Coralline  beds    .    ' 8  inches. 

Thinly  laminated  or  slaty  layers 3  J  feet. 

Concretionary  layers  with  deep  and  large  arched  cavities,  4  feet. 

Drab  limestone  in  3-inch  layers 6  feet. 

Thin  regular-bedded  drab  limestone 4  feet. 

A  space  of  about  ten  feet  estimated  from  the  base  of 
this  setion  to  the  top  of  the  preceding  one. 

The  arched  cavities  which  are  seen  near  the  base  of  the 
section  are  so  precisely  like  those  containing  gypsum  in 
New- York,  that  there  is  little  doubt  the  same  mineral  has 
existed  here.  The  cavities  are  from  one  to  three  feet  in 
diameter,  having  the  beds  below  continuous,  and  those  above 
arching  over  the  cavity  and  sometimes  broken.  This  condi- 
tion could  only  occur  from  the  presence  of  some  solid  body 
over  which  the  strata  would  be  bent.  The  operation  has,  in 
all  respects,  been  the  same  as  that  so  well  known  in  these 
beds  where  gypsum  occurs  in  the  State  of  New-York  and  in 
Canada  West. 
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Several  of  the  strata  in  this  section  have  the  character 
of  hydraulic  limestone,  and  can  scarcely  be  distinguished 
from  beds  in  the  same  connexion  in  New- York.  I  am  dis- 
posed to  believe,  however,  that  these  beds  will,  for  the  most 
part,  prove  too  argillaceous  to  be  successfully  used  for  hy- 
draulic cement. 

After  passing  the  first  anticlinal  axis  of  the  limestone  on 
the  south,  within  the  town,  the  strata  gradually  descend  in 
that  direction ;  and  we  have  an  exposure  of  the  lower  strata 
of  this  group,  resting  in  the  synclinal  axis  of  the  nearly 
horizontal  beds  of  the  Leclaire  limestone  below. 

A  section  of  this  quarry  in  detail  gives  the  following  beds : 

Rough  beds  with  cavities 5  feet. 

Thin  beds  becoming  vesicular  above 2-3J  ft. 

Yellowish  or  bright-bnff  limestone 6  inches. 

Arenaceous  limestone       8  inches. 

Buff-colored  limestone  with  geodes  lined  with  spar     .     .  16  inches. 


Regularly  and  even-bedded  limestone  throughout,  each 
bed  having  the  thickess  here  given      .... 


14  inches. 
7  inches. 
32  inches. 
14  inches. 
11  inches. 


Buff-colored  limestone,  with  elevations  upon  the  surface 

of  different  character  arching  over  masses  of  clay    •     10  inches. 

Drab-colored  limestone  extending  to  level  of  river,  where 

there  occurs  a  thin  stratum  filled  with  Spirifer  .     .       6  feet. 

Thin  slaty  layers,  extending  along  the  river  below,  being 
apparently  beds  of  passage  ifrom  the  limestone  pre- 
viously described  to  the  Onondaga-salt  group     .     •     15  feet. 

Hard,  rough,  thin-bedded  limestones  with  cavities  :  the 
upper  part  of  the  limestone  of  Leclaire  rapids. 

■ 

This  section,  to  the  base  of  the  sixteen-inch  layer,  consti- 
tutes the  quarry  from  which  stones  were  taken,  in  part,  for 
the  bridge  piers  at  Davenport.  The  six  feet  to  level  of  the 
river,  marked  by  the  stratum  containing  Spirifer y  etc.,  is  not 
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SO  Hiistinctly  exposed,  but,  where  seen,  it  is  in  thin  beds.  All 
beneath  the  fifteen  feet  of  thin  slaty  layers  (below  the  water 
level )  appertains  to  the  limestones  of  the  Leclaire  rapids. 
The  relations  of  the  twe  groups  are  very  intimate ;  the  sharp 
grained,  harsh  rock  below,  graduating  into  the  regular  and 
thin-bedded  argillaceous  limestones  which  are  succeeded  by 
thicker  beds. 

In  this  quarry  the  surfaces  of  the  different  layers  are 
very  uneven ;  and  there  is  every  evidence  that  considerable 
time  often  elapsed  between  the  final  deposition  of  one  bed 
and  the  beginning  of  another.  In  these  instances,  the  ine- 
qualities of  the  surface  of  the  lower  beds  are  filled  by  con- 
glomeratic aggregations,  in  which  shaly  matter,  limestone, 
fragments  of  organic  remains,  and  siliceous  materials,  are 
often  mingled. 

Throughout  the  lower  part  of  this  group,  fossils  are  nu- 
merous, though  in  such  a  condition  that  their  characters 
cannot  well  be  determined.  Great  numbers  of  corals  of  the 
Cyathophyllidsa  occur  upon  the  surfaces  of  some  of  the  beds. 

From  the  comparative  tenuity  of  this  group,  it  is  not  pro- 
bable that  any  of  its  products,  such  as  gypsum  and  brine 
springs,  will  be  found  in  valuable  quantity.  The  fact  that  the 
upper  beds  of  this  group  furnish  nearly  all  the  hydraulic 
cement  of  New- York  should  induce  an  examination  and 
trial  of  the  different  beds  at  various  points  along  its  expo- 
sure. The  more  compact  and  less  arenaceous  of  these  layers 
are  those  most  likely  to  furnish  hydraulic  cement. 
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LIMESTONES  OF  THE  UPPER  HELDERBERG  MOUNTAINS. 

In  the  western  part  of  the  State  of  New- York,  in  Canada 
West,  and  in  Ohio,  the  strata  succeeding  the  Onondaga-salt 
group  consist  of  gray  and  blue  limestones,  containing  much 
chert  or  hornstone,  and  formerly  known  as  the  Corniferous 
limestone.  In  the  New- York  Geological  Reports,  the  name 
Onondaga  limestone  was  applied  to  the  lower  gray  portion, 
while  the  term  Corniferous  limestone  was  retained  for  the 
upper  dark-colored  beds.  These  two  members  are  often  well 
marked  and  distinctly  separate  over  wide  areas,  while  again 
they  alternate  one  with  the  other,  and  become  so  incorpo- 
rated as  to  present  a  series  of  beds  indivisible  by  any  well- 
marked  character ;  and  for  this  reason,  as  well  as  for  others, 
the  distinctive  names  have  been  dropped,  and  the  term 
Upper  limestones  of  the  Helderberg  mountain  has  been 
adopted. 

Extending  from  the  Hudson  to  the  Niagara  river,  these 
limestones  form  a  continuous  terrace,  broken  only  by  ravines, 
the  channels  of  streams  and  the  outlets  of  the  north  and 
south  lakes.  The  same  beds  form  the  rapids  in  the  Niagara 
river  at  Blackrock ;  and  stretching  thence  through  Canada 
West,  they  reappear  in  Michigan,  and  extending  by  Monroe 
to  the  falls  of  the  Maumee,  and  southwesterly  through  In- 
diana, appear  in  great  force  at  the  falls  of  the  Ohio. 

In  many  parts  of  New- York  the  higher  beds  are  ex- 
tremely dark,  and  the  name  of  the  town  of  Blackrock^  in 
New- York,  indicates  the  color  of  the  limestone  at  that  place. 
Farther  west,  it  gradually  becomes  lighter  ;  and  in  many 
localities  in  Ohio,  a  whitish  gray  is  the  prevailing  color  of 
these  limestones. 

The  limestones  succeeding  the  buff-colored  beds  of  the 
Onondago-salt  group  are  not  exposed  along  the  Mississippi 
river  for  some  distance  below  Leclaire.  No  actual  junction- 
[  Iowa  Sitbvbt.]  11 
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of  the  two  formations  was  seen,  though  their  relative  posi- 
tion, with  the  knowledge  we  have  of  the  same  formations 
elsewhere,  serves  to  guide  the  determination.  The  irregu- 
larities in  the  strata  below  LecLaire,  present  several  anti- 
clinal and  synclinal  axes ;  and  there  may  be  one  or  more 
faults  between  this  place  and  Davenport.  The  strata  have 
been  deeply  denuded ;  and  the  Coal  formation,  as  will  be 
shown,  rests  upon  the  irregular  surfaces  of  the  diflferent 
limestones. 

A  broad  bottom  land  prevents  the  appearance  of  the  lime- 
stones of  the  age  of  the  Helderberg  upon  the  river  bank ; 
but  on  the  road  to  Davenport,  these  limestones  occur  at  the 
level  of  this  bottom  land,  and  rising  a  few  feet  higher.  On 
Duck  creek  the  same  limestone  appears  in  great  force,  and 
sections  thirty  or  forty  feet  high  are  exposed.  This  lime- 
stone, together  with  the  shaly  limestone  of  the  Hamilton 
group,  continues  to  Davenport;  whence  the  latter  extends 
for  many  miks  below  along  the  river. 

At  Davenport,  and  for  two  or  three  miles  above,  the  Upper 
Helderberg  limestone  is  exposed  along  the  bank  of  the  river, 
and  in  the  hills  at  considerable  elevation  above  the  water 
level.  The  rock  is  a  gray  or  ash-colored  mass,  fine-grained 
and  compact ;  some  of  the  beds  subcrystalline,  wuth  frag- 
ments of  organic  remains.  The  bedding  is  regular,  but  the 
beds  are  often  crossed  diagonally  and  irregularly  by  seams 
which  cause  it  to  split  into  uneven  slabs.  The  thicker  and 
more  compact  beds  are  extensively  used  for  foundation  and 
wall  stones. 

The  lowest  beds  seen  are  often  concretionary,  and  some- 
times iron^stained  and  brecciated.  These  beds  are  separated 
by  shaly  partings,  and  there  is  often  much  shale  or  clay  in 
the  interstices.  Large  spheroidal  masses  of  greenish  clay 
often  interrupt  the  continuity  of  the  beds,  and  sometimes 
these  masses  are  connected  with  fissures  that  reach  the 
surface, 
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The  following  section  on  the  river  bank,  one  mile  above 
Davenport,  shows  the  mode  of  occurrence  of  this  limestone : 

Thinly  laminated  limcstono 2-3  feet. 

Irregularly-bedded  limestone,  with  shaly  partings,  vary- 
ing from 2-4  feet. 

Concretionary  and  irregularly  laminated  shaly  beds,  with 

a  harder  argillaceous  concretionary  bed  below     .     .       6-8  feet. 

Another  section,  fifty  yards  higher  up  the  river,  gives  a 
greater  thickness  of  strata. 

Limestone,  gray  and  ash-colored,  three  or  four  feet  of 
the  higher  beds  in  regular  layers  :  the  middle  and 
part  of  higher  beds  remarkably  brecciated  ;  the 
lower  beds  rough  and  concretionary 20  feet. 

Obscured  by  crossing  of  road 6  feet. 

.   Thin  slaty  layers,  splitting  into  laminas    from  half  an 

inch  to  two  inches  in  thickness 10  feet. 

Irregularly-bedded  limestone  with  green  shaly  partings,       8  feet. 

Shaly  and  concretionary  bed,  thinning  out 3  feet. 

Argillaceous  stratum,  gradually  increasing  in  thickness,       6  feet. 

These  limestones  present  great  irregularities  in  their 
bedding  :  the  shaly  partings,  which  are  often  not  more  than 
half  an  inch  thick,  expand  to  six  inches  or  more,  and  again 
thin  out;  while  a  concretionary  structure  is  visible  in  much 
of  the  rock.  The  limestone  is  remarkably  brittle  throughout, 
and,  for  the  most  part,  breaks  into  irregular  fragments. 

In  several  exposures  of  this  limestone  along  the  river, 
the  continuity  of  the  strata  is  interrupted  by  masses  of 
clay,  which  are  sometimes  spheroidal  or  irregular  in  shape, 
and  not  unfrequently  communicating  by  a  narrow  fissure 
with  a  similar  expansion  of  clay  in  a  .^  w  .r  or  higher  bed  of 
limestone. 


84 


GEOLOGICAL  SUEVEY  OF  IOWA. 


The  following  section  exhibits  one  of  the  irregular  masses 
of  clay,  seen  in  a  section  on  the  river  above  Davenport : 

Fio.  5. —  Section  near  Dayeaport. 


a,  a.  Regularly  stratified  limestone. 

b,  b.  Compact  greenish  graj  clay  filling  a  cayity  in  the  limestone,  and  commani* 

eating  through  the  narrow  fissure,  /,  with  the  beds  below,  where  it  again 
becomes  expanded  into  a  large  mass  similar  to  that  abore*. 


Several  other  exhibitions  of  this  character  occur  in  the 
neighborhood  of  Davenport,  some  of  them  penetrating  not 
only  these  limestones,  but  also  the  strata  of  the  Hamilton 
group  above. 

The  limestone  of  this  age,  along  the  Mississippi,  presents 
no  characters  to  admit  of  subdivisions  into  two  members. 
The  large  amount  of  shaly  matter,  either  mingling  with  the 
material  of  the  rock,  or  occurring  as  shaly  seams  between 
the  beds,  would  appear  to  have  rendered  the  condition  of 
the  ancient  ocean,  in  a  great  degree,  unfit  for  the  develop- 
ment of  animal  life.  In  nearly  all  the  exposures  observed,  it 
contains  few  fossils. 

.     *  For  farther  illustrations  of  this  character,  see  wider  head  of  Coal  measures. 
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HAMILTON  GROUP. 

The  strata  succeeding  the  limestone  just  described  have 
been  designated  in  the  Geological  Reports  of  New- York  as 
the  Hamilton  group.  In  the  more  easterly  exhibition  of  these 
strata,  they  consist  first  of  a  black  slate,  known  as  the  Mar- 
cellus  shale ;  and  above  this,  of  more  or  less  argillaceous  and 
calcareous  shales  and  argillaceous  sandstones,  acquiring,  al- 
together a  thickness  of  one  thousand  or  twelve  hundred 
feet.  In  Eastern  and  Central  New- York  this  group  has  a  great 
development  in  its  diflferent  members.  Farther  west,  the 
coarser  materials  of  the  sediments  become  gradually  less  and 
less  important ;  and  finally  in  Western  New- York  the  group 
consists  of  calcareous  shales  with  bands  of  limestone,  and, 
rarely,  a  thin  bed  which  is  partially  arenaceous. 

Over  a  great  part  of  the  area  known  to  be  occupied  by 
this  group,  it  is  succeeded  by  a  black  slaty  shale,  known  as 
the  Genesee  slate,  and  which  may  be  regarded  as  a  part  of 
the  same  series  of  beds.  The  underlying  black  slate  is  known 
throughout  Ohio,  Indiana,  and  to  some  extent  in  Illinois ;  but 
I  have  not  been  able  to  detect  its  presence  on  the  Mississippi 
river. 

In  following  this  group  westward,  we  find  that  its  calca- 
reous character  becomes  more  decided,  with  a  gradual  dimi- 
nution of  the  shaly  matter  and  a  constant  attenuation  of 
the  whole  group ;  and  in  Iowa  it  consists  more  properly  of 
argillaceous  limestones,  or  highly  calcareous  shales  alter- 
nating with  bands  of  limestone. 

Thus  far  no  well-marked  line  of  division  has  been  drawn 
between  the  limestones  below  and  the  Hamilton  group, 
though  further  examination  may  determine  the  line  of  de- 
marcation at  some  points.  The  localities  on  the  Mississippi 
river  are  all  far  separated  from  the  area  over  which  the 
coarser  sediments  were  deposited ;  and  the  conditions  of  the 
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ocean  bed  suffered  little  change  from  the  close  of  the  Onon- 
daga salt  period  to  the  termination  of  the  Hamilton  group. 

On  the  Illinois  side  of  the  river  oppDsite  to  Davenport, 
the  shales  and  shaly  sandstones  of  the  Hamilton  group  rest 
apparently  directly  upon  the  limestones  above  described, 
without  the  intervention  of  the  black  shale  which  marks 
this  horizon  everywhere  to  the  eastward. 

The  lower  beds  of  the  Haibilton  group  are  highly  calca- 
reous, and  some  of  the  bands  of  limestone  are  suflSciently 
compact  and  durable  to  furnish  building  materials.  These 
portions  consist  of  irregular  alternations  of  limestone  bands 
with  bands  of  calcareous  shale,  the  latter  charged  with 
great  numbers  of  Brachiopoda  and  other  fossils.  The  shaly 
portions  crumble  rapidly  on  exposure,  and  form  a  gray  or 
ash-colored  clay. 

Both  the  limestone  below  and  the  limestone  and  shales 
of  the  Hamilton  group  above,  are  marked  by  the  presence 
of  the  greenish  gray  clay,  filling  ancient  fissures  and  former 
cavernous  openings  in  the  rock  which  not  imfrequently  show 
direct  communication  with  the  surface. 

In  going  south  from  Davenport,  the  limestone  soon  dips 
beneath  the  river,  and  is  last  seen  at  a  quarry  just  below 
the  city.  At  Rockingham,  the  shales  and  limestones  of  the 
Hamilton  group  are  seen  at  two  or  three  exposures. 

In  the  next  ravine  south,  the  same  shales  and  limestones 
are  visible  ;  and  from  this  point  the  outcrop  is  traced  in  the 
face  of  a  hill  for  a  quarter  of  a  mile,  and,  descending  into  a 
deep  ravine,  the  shale  and  shaly  limestone  of  the  Hamilton 
group  is  seen  to  be  succeeded  by  the  Encrinal  limestone  of 
the  same  group,  giving  a  section  of  fifty  or  sixty  feet,  as 
below : 

Encrinal  limestone 10-15  ft. 

Shales  and  shaly  limestones  of  the  Hamilton  group,  con- 
taining Spirifer  ligas,  Strophodonta  demissa^  Or^ 
this,  ete 60  feet. 


GEOLOGY   OF   IOWA.  87 

The  surfaces  of  the  lower  division  weather  to  an  ashen 
hue,  and  crumble  somewhat  rapidly  on  exposure  to  the  air. 

In  another  ravine  about  one  mile  north  of  New-Buffalo, 
we  find  the  same  series  of  beds,  with  the  Encrinal  lime- 
stone at  the  upper  part  having  a  thickness  of  fifteen  or 
twenty  feet.  The  higher  beds  are  sometimes  iron-stained, 
from  the  decomposition  of  iron  pyrites. 

At  New-Buffalo,  in  the  bank  of  the  river,  and  in  the  ra- 
vines west  of  the  town,  the  shales  and  shaly  limestones  of 
the  Hamilton  group  are  better  developed  than  observed  at 
any  other  point  along  the  Mississippi.  The  peculiar  fossils 
of  the  group  are  very  numerous,  though  mostly  in  separate 
valves,  or  broken  specimens,  indicating  that  they  were 
drifted  before  being  imbedded.  In  some  of  the  beds,  how- 
ever, the  specimens  are  more  perfect;  and  the  nature  of 
the  calcareous  shales  would  indicate  a  favorable  condition 
for  the  development  of  organic  existences.  Among  the  fos- 
sils from  this  locality  are  two  species  of  Fenestella,  Retepora 
and  Stidopora,  a  species  of  PefitremiteSj  numerous  fragments 
of  crinoids  and  crinoidal  columns,  Favosites  gothlandica^ 
Cystophyllumy  Cyathophylluniy  Orthis  iowensisy  Strophodonta 
demissay  Atrypa  reticularis^  and  A.  aspera. 

The  rocks  of  this  group  appear  at  intervals  along  the 
river,  and  in  the  ravines  for  some  distance  below  New- 
Buffalo.  About  two  miles  aboye  Pine  creek,  the  Hamilton 
group  is  succeeded  by  the  shales  and  soft  sandstones  of  the 
Chemung  group.  The  junction,  though  somewhat  obscure, 
presents  the  following  beds : 

1.  Yellowish  sandstones. 

2.  Sandy  beds  with  Spirifer, 

3.  Green  shale,  thickness  not  ascertained. 

4.  Shaly  limestones  of  Hamilton  group. 

On  Pine  creek,  nearly  a  mile  above  its  mouth,  the  higher 
beds  of  the  Hamilton  group  are  of  brownish  siliceous  lime- 
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stone,  showing  a  passage  to  the  sandstone  of  the  group 
above,  without  any  visible  shaly  beds.  The  strata  of  this 
place  have  a  decided  dip  to  the  southwest. 

At  Fairport,  three  miles  below  Pine  creek,  and  at  points 
between  these  places,  the  Hamilton  group  is  exposed  along 
the  river.  The  higher  beds  are  intermingled  with  yellow 
sandstone  and  greenish  shaly  matter,  indicating  the  beds 
of  passage  to  the  next  group.  The  strata  of  this  group  con- 
tinue in  view  along  the  river  for  some  distance  below  Fair- 
port,  when  they  dip  beneath  the  river,  but  reappear  about 
two  miles  above  Muscatine,  where  the  upper  limestone  of 
the  Hamilton  group  is  exposed  for  some  distance  along  the 
river  bank,  and  is  quarried  for  burning  into  lime. 

The  presence  of  the  limestone  at  this  place  is  marked  by 
abundance  of  Stromatopora^  which  often  forms  masses  of 
several  feet  in  extent.  This  is  the  more  interesting,  since 
the  waters  of  the  period  were  very  turbid,  and  an  influx  of 
mud  has  often  checked  the  growth  of  the  coral  at  one  point, 
or  over  some  of  the  numerous  prominences  which  the  sur- 
face presents ;  while  at  other  points  it  has  gone  on  increas- 
ing, and  finally  has  again  extended  over  and  covered  the 
portion  destroyed  by  the  influx  of  mud. 

This  group  is  likewise  developed  in  the  neighborhood  of 
Iowa  city,  and  for  some  distance  to  the  south  we  find  the 
same  strata.  • 


CHEMUNG  GROUP. 

The  gray  and  yellow  sandstones,  with  shaly  admixiures 
and  shaly  partings,  which  exist  at  numerous  points  on  the 
Mississippi  river  below  Davenport,  at  Burlington,  and  again 
below  the  Lower  rapids  in  the  States  of  Illinois  and  Mis- 
souri, are  referable  to  the  age  of  the  Chemung  group  of 
New- York. 
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In  some  localities  there  is  a  considerable  thickness  of 
green  shale  at  the  base  of  these  sandstones,  which  may 
represent  the  Portage  group  of  New- York ;  but  this  rock  is 
not  constantly  present. 

On  descending  the  Mississippi  river,  the  sandstones  of 
this  group  were  first  observed  above  the  mouth  of  Pine 
creek.  Some  of  the  beds  are  partially  calcareous ;  but  the 
prevailing  character  is  that  of  a  yellowish  friable  sandstone, 
argillaceous  in  character,  and  sometimes  becoming  shaly. 
Fossils  are  often  abundant  in  some  of  the  beds,  while  other 
beds  are  almost  entirely  destitute  of  them. 

At  the  mouth  of  Pine  creek,  and  a  short  distance  above 
on  that  stream,  a  section  of  fifteen  or  twenty  feet  may  be 
obtained.  Along  the  river  for  two  miles  above  this,  only 
from  two  to  four  feet  in  thickness  were  visible  at  the  stage 
of  water  then  prevailing. 

The  best  section  of  these  beds  was  seen  at  Burlington, 
where  the  Burlington  limestone  succeeds  the  sandstones  of 
the  Chemung  group,  in  the  lower  part  of  the  town.  The 
green  shale  of  this  section,  which  measures  thirty  feet  to 
the  river  level,  appears  to  be  the  same  which  is  but  a  few 
feet  thick  at  Pine  creek,  and  in  another  locality  has  no  visi- 
ble existence. 


Section  of  Rocks  at  Burlington,  Iowa. 


'  Barlington  limestone  ; '  an  encrinal  lime- 
stone, brown  or  greyish  brown  in  color : 
higher  beds  white  and  saborjstalline     .     72  feet. 

Chertj  beds  near  the  base  of  limestone, 
varying  from  6  to  10  feet  in  thickness, 
and  increasing  to  the  southward  ...       4  to  10  ft. 

Beds  of  passage,  consisting  of  calcareous 

and  argillaceous  layers* 20  inches. 


Cabboniferous 
limestone. 


*  In  another  quarry  there  were  no  visible  beds  of  passage,  the  oolitic  beds  coming 
directly  below  the  well-marked  Barlington  limestone. 

[  Iowa  Sitevet.]  12 
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5.   r  Oolitic    bed  ( often  absent);    its    greatest 

I      thickness 4  feet. 

4.  I  Argillaceous  sandstone  with  fossils  as  be- 
low, of  Chemung  species 6  feet. 

8.  Lihiestone,  irregnlarly-bedded,  concretion- 
ary and  rarely  brecciated,  with  shaly 
interlaminations  ;  compact,  brittle,  ash- 
colored,  apparently  silicious.  Higher  beds 
Chemung  .  more  regular  and  arenaceous  :  near  the 
QROUP.         i      base,  a  thin  band  of  limestone  charged 

with  Chonetes 10  feet. 

2.  Pine -grained,  siliceous  and  argillaceous 
sandstone,  with  bands  of  shale,  highly 
fossiliferous  :  lower  half  much  softer  and 
more  argillaceous  than  the  upper  part 

i often  shaly) 25  feet. 
;  green  shale  like  that  of  Portage  group, 
to  level  of  river 32  feet. 

The  green  shale  at  the  base  of  the  section  holds  the  place 
of  the  green  shales'  and  sandstones  of  the  Portage  group  in 
New- York.  At  Burlington,  there  is  a  much  greater  thickness 
than  at  any  other  point  examined  on  the  Mississippi  river. 
So  far  as  observed,  it  is  destitute  of  fossils,  decomposes  ra- 
pidly on  exposure,  and  produces  an  unctuous  clay.  The  beds 
No.  2  and  4  are  charged  with  fossils,  some  of  which  are 
Chemung  species,  leaving  no  doubt  of  their  true  position  in 
the  series ;  while  at  the  same  time  we  have  the  collateral 
evidence  of  superposition  in  the  sections  upon  the  river 
above  Muscatine.  The  concretionary  beds  No.  3  of  Section 
are  destitute  of  fossils,  except  a  thin  regular  layer  at  the 
base,  which  abounds  in  Chonetes. 

The  Oolite  bed.  No.  5,  contains  fossils  which  ally  it  more 
intimately  with  the  Chemung  group  than  with  the  Carbo- 
nijferous  limestone  above  ;  and  it  is  sometimes  separated  by 
a  few  inches  of  beds  of  passage  which  contain  no  fossils, 
and  at  other  times  there  are  no  beds  of  passage.  The  prin- 
cipal fossils  of  the  oolitic  bed  are  the  large  Gyroceras  bur- 
lingtonensisy  figured  and  described  by  Dr.  Owen,  a  species  of 
Euomphalusj  an  Avicula  and  a  species  of  Orthis ;  but  they 
are  usually  not  in  a  condition  to  give  good  specimens  for 
study. 
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In  this  section,  therefore,  which  is  the  most  complete  that 
I  have  examined,  the  passage  from  the  Chemung  ( Devonian) 
to  the  Burlington  limestone  (Carboniferous)  is  so  gradual, 
both  in  physical  aspect  and  in  the  generic  and  specific  cha- 
racters of  the  fossils,  that  it  forms  no  greater  change  than 
is  observed  between  any  of  the  subordinate  groups ;  and  is 
fiurless  strongly  marked  than  the  change  from  Lower  to 
Upper  Silurian,  and  not  more  strongly  than  between  the 
Hamilton  and  Chemung  groups.  The  Chemimg  group,  toge- 
ther with  the  Portage  group,  in  their  more  easterly  extension- 
in  the  State  of  New- York,  have  a  thickness  of  at  least  two 
thousand  feet,  and  in  some  places  probably  twenty-five  hun- 
dred feet.  In  tracing  these  strata  to  the  westward,  there  is 
a  very  perceptible  attenuation ;  and  on  their  northwestern 
exposures  in  the  Mississippi  valley,  no  section  gives  a  thick- 
ness of  one  hundred  feet,  and  rarely  one  gives  more  than  half 
that  amount. 

In  Missouri,  according  to  Professor  Swallow,  the  strata 
appertaining  to  the  Chemung  group  have  a  thickness  of  two 
hundred  feet  or  more  ;  but  these  strata  will  probably  be  found 
to  include  a  portion  of  the  Hamilton  group,  leaving  the  Che- 
mimg and  Portage  rocks  to  be  represented  by  not  more  than 
one  hundred  feet  in  the  Mississippi  valley. 

These  conditions  are  also  in  accordance  with  what  has 
already  been  shown  in  reference  to  the  Hudson-river  group ; 
and  thus  those  formations,  which  have  furnished  the  immense 
deposits  of  sediment  composing  the  Green  and  White  moun- 
tains and  the  Appalachian  chain,  have  a  maximum  thickness 
in  the  Mississippi  valley  scarcely  exceeding  three  hundred 
and  fifty  feet,  and  in  many  places  hardly  reaching  two  hun- 
dred feet. 

These  differences  in  the  physical  condition  of  the  ancient 
ocean  bed  have  given  origin  to  differences  in  the  organic 
remains,  which  will  be  more  fully  treated  of  hereafter  in 
the  Report  upon  the  Palaeontology  of  the  State. 
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CARBONIFEROUS  LIMESTONES. 
BURLINGTON  LIMESTONE. 

EnCRINITAL    LIMESTONlf  OP    Dr.  D.  D.  OwEN   AND    PrOP.  SwALLOW. 

In  the  order  of  succession  among  the  strata,  the  lime- 
stone of  Burlington  succeeds  the  sandstones  and  beds  of 
limestone  of  the  Chemung  group  already  described.  The 
most  northerly  point  at  which  this  rock  was  observed  along 
the  Iowa  river,  is  about  nine  miles  south  of  Iowa  city.  It 
has  subsequently  been  traced  much  farther  to  the  northward. 
In  the  Mississippi  river  section  this  limestone  does  not  ap- 
pear till  after  passing  the  mouth  of  the  Lower  Iowa  river, 
and  only  acquires  its  greatest  development  in  the  neighbor- 
hood of  Burlington  and  along  the  river  above  and  below 
that  city.  Its  thickness  is  not  much  less  than  one  hundred 
feet  along  the  river;  and  having  here  suffered  denudation, 
it  is  probably  much  thicker  in  the  interior  of  the  State*. 

This  limestone  continues  to  form  the  river  bluff  for  about 
five  miles  below  Burlington  to  the  mouth  of  Skunk  river, 
when  it  terminates  abruptly,  and  no  rocks  are  again  visible 
on  the  Iowa  side  of  the  Mississippi  for  several  miles,  or  till 
we  reach  Montrose,  while  the  Burlington  limestone  does  not 
again  appear  above  the  river  level  within  the  State  of  Iowa. 
Dipping  to  the  southwest,  it  passes  beneath  the  river  before 
reaching  Keokuk ;  and  making  a  broad  and  gentle  synclinal, 
rises  again  above  the  river  level,  and  is  seen  in  the  cliffs  at 
Quincy  in  Illinois  and  Hannibal  in  Missouri,  where  it  ap- 
pears as  at  Burlington,  resting  on  the  Chemung  groupf . 

*  In  the  Greological  Report  of  Missonri  this  limestone,  under  the  name  of  Encrinital 
limestone,  is  given  as  five  hundred  feet  in  thickness.  The  successive  members  of  the 
group  of  limestones,  designated  as  Lower  Carboniferous  limestones,  all  diminish  towards 
the  north,  while  they  increase  in  thickness  towards  the  south  for  a  certain  extent,  and 
then  diminish  again,  so  that  in  Alabama  the  Burlington  limestone  has  nearly  disap- 
peared, while  some  of  the  higher  members  which  are  extremely  thin  or  absent  altogether 
in  Iowa  become  much  augmented  in  thickness. 

t  The  argillo-calcareous  group  of  Evans'  Falls,  Owen's  section. 
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In  the  Report  of  Dr.  D.  D.  Owbn,  the  "Encrinital  group 
of  Burlington",  Iowa,  and  the  "Encrinital  group  of  Han- 
nibal'*, Missouri,  are  given  in  the  section  as  distinct  groups; 
but  a  careful  examination  of  the  two  localities  shows  no 
reason  for  considering  the  limestones  as  distinct  :  on  the 
contrary,  they  are  clearly  identical. 

The  Burlington  limestone*  is  subcrystalline  in  texture, 
gray  or  brown  and  in  some  parts  nearly  white  in  color,  often 
quite  friable,  and  largely  constituted  of  the  remains  of  cri- 
noideaB.  It  is  throughout  an  encrinital  limestone ;  the  se- 
parated joints  of  the  columns  are  often  packed  together, 
with  scarcely  enough  of  finer  material  to  cause  the  mass  to 
cohere.  Upon  the  weathered  surfaces  of  these  beds,  and  in 
the  decomposing  material  of  the  mass,  there  occur  large 
numbers  of  more  or  less  perfect  individuals  of  several  genera 
and  many  species  of  this  family  of  fossils.  Even  the  more 
compact  portions  of  the  rock,  when  weathered,  show  that  the 
mass  is  largely  constituted  of  these  remains. 

Near  the  base  is  a  bed  of  white  or  light-colored  chert, 
with  cavities  containing  much  oxide  of  iron,  and  the  rock 
is  often  highly  colored  from  this  source.  The  color,  how- 
ever, is  mostly  external,  derived  from  decomposition  in  the 
fissures  and  cavities.  The  limestone  becomes  gradually  more 
compact  in  the  higher  beds,  and  the  crinoidal  remains  are 
there  less  abundant  and  characteristic.  Some  of  the  upper 
beds  are  nearly  white,  and  contain  large  numbers  of  Spi- 
rifeTf  ProductuSy  etc. 

From  its  outcrop  on  the  Mississippi,  this  limestone  trends 
to  the  northwest,  and  is  known  to  occur  about  nine  miles 
south  of  Iowa  city,  and  has  been  traced  thence  through  the 
westerly  part  of  Iowa,  Talma  and  Grundy  counties. 

*  The  name  *' Encrinital  limestone''  alone  can  scarcely  be  sustained  as  designating 
any  particular  group  of  strata,  since  this  character  is  a  common  one  among  limestones 
of  different  ages.  The  name  Burlington  lime$tone  is  proposed  fVom  the  city  of  Burling- 
ton in  Iowa,  where  this  rock  is  better  developed  than  elsewhere  in  the  State,  and  is 
one  of  the  best  known  localities  of  the  rock  in  the  West. 
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KEOKUK  LIMESTONE. 

ARCHIMEDES    LIMESTONE    OF    OWEN. 

This  limestone  and  its  associated  cherty  beds  succeed  the 
Burlington  limestone.  On  the  Iowa  side  of  the  Mississippi 
river,  the  rock  is  not  visible  in  the  river  section  before 
reaching  Montrose.  From  Montrose  it  is  continuous  along 
the  river  as  far  as  Keokuk,  and  disappears  near  the  mouth 
of  the  Des  Moines  river.  On  the  Illinois  side  of  the  Missis- 
sippi river  it  appears  at  Dallas,  at  Appanoose,  and  opposite 
Fort  Madison,  and  thence  to  Nauvoo  and  Warsaw. 

This  rock,  in  its  full  development,  consists  of  a  gray  or 
bluish-gray  compact  encrinal  limestone,  in  beds  separated 
by  shaly  partings;  while  bands  of  shale  or  marl  of  con- 
siderable thickness  sometimes  occur.  Some  of  the  beds  are 
thinly  laminated,  and  readily  separate  in  quarrying. 

At  the  base  of  this  limestone  series  lies  a  succession  of 
cherty  beds,  which  consist  of  thin  alternating  layers  of 
chert  and  of  encrinal  limestone,  and  sometimes  an  intimate 
intermixture  of  both. 

These  beds,  from  their  indestructible  character,  have  re- 
sisted denudation,  and  now  form  the  river  bed  above  Keo- 
kuk, producing  the  rapids  so  well  known  in  the  navigation 
of  the  Mississippi  river.  At  this  point  they  have  a  thickness 
of  sixty  to  seventy  feet,  but,  farther  to  the  south,  become 
greatly  augmented,  and  produce  the  series  of  beds  known  in 
Tennessee  as  the  "Siliceous  group*'. 

The  thickness  of  the  limestone  visible  in  the  river  section 
at  Keokuk,  above  the  cherty  beds,  may  be  estimated  at  forty 
to  fifty  feet. 

This  rock  gradually  thins  to  the  northward,  and  towards 
its  margin  presents  alternations  of  argillaceous  and  are- 
naceous beds  with  the  encrinal  limestone,  the  latter  being 
quite  subordinate.  The  same  character  is  seen  to  some  ex- 
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tent  at  Appanoose  in  Illinois;  but  it  is  more  extreme  in  the 
neighborhood  of  Mount  Pleasant,  Iowa,  where  some  of  its 
exposures  present  only  argillaceous  and  arenaceous  beds.  On 
the  Asylum  farm  at  this  place,  the  following  beds  were  seen 
in  the  quarry  near  a  small  stream  : 

Argillaceous  limestone,    in  some  thin  irregular  beds  : 
surface  of  quarry. 

Argillaceous  limestone,  somewhat  harder  than  that  below,  2  feet. 

Argillaceous  and  calcareous  bed,  with  nodules  of  chert,  1^  -  2^  ft. 

Magnesian  bed .    '  l^feet. 

Arenaceous  limestone,  slaty  at  top. 

The  crinoidal  beds  are  not  represented  here,  though  the 
beds  exposed  in  this  quarry  are  elsewhere  seen  in  connexion 
with  the  compact  encrinal  limestone  which  lies  at  a  lower 
level,  and  sometimes  alternates  with  argillaceous  and  mag- 
nesian beds.  Other  quarries  in  the  same  neighborhood  ex- 
hibit numerous  beds  of  argillaceous  and  magnesian  limestone : 
these  are  finally  succeeded  by  a  light-colored  limestone, 
which  is  sometimes  in  heavy  beds  and  often  brecciated 
throughout. 

At  Sipes  quarry,  two  miles  north  of  Mount  Pleasant,  the 
following  beds  are  seen  : 

Greenish  clay 1-2  feet. 

Band  of  limestone 0-1  foot. 

Oreen  shaly  clay  •     .     - 1  foot. 

Encrinal  limestone  in  two  unequal  layers S  feet. 

Encrinal  limestone 7  inches. 

Shale  or  clay,  thickness  unknown. 
The  dip  of  strata  is  to  the  southwest. 

A  section  of  the  same  outcrop  at  M^Mahons  quarry  gave 
the  following  beds  : 
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Clay  or  shale,  weathering  to  ash-colored 3-6  feet. 

Encrinal  limestone,  bluish,  weathering  to  ash-oolored,  in 

beds  from  6  to  18  inches,  about 6  feet  to  . 

base  of  working. 

The  compact  crinoidal  layers  furnish  excellent  building 
materials,  and,  where  free  from  shaly  seams  and  iron  pyrites, 
can  be  relied  upon  as  a  durable  stone.  The  argillaceous  and 
arenaceous  beds  sometimes  associated  with  this  rock  are  not 
good  in  this  respect. 

This  limestone  formation,  in  its  lower  cherty  beds  form- 
ing the  rapids  of  Keokuk,  and  in  its  higher  beds  of  encrinal 
limestone  and  shale  forming  the  rock  upon  which  the  town 
of  Keokuk  is  situated,  may  be  designated  the  Keokuk  lime- 
stone. 

A  farther  experience  of  this  stone  in  some  of  the  quarries 
has  proved  that  the  blocks  will  split  along  the  line  of  la- 
mination, though  there  be  no  visible  shaly  matter  present, 
simply  from  want  of  cohesion  among  the  particles.  This 
character  has  been  more  particularly  observed  towards  the 
northern  outcrops  of  the  rock.  At  Keokuk  and  vicinity  the 
limestone  is  heavy  bedded,  and  much  more  compact  than  in 
some  of  the  more  northerly  exposures,  and  forms  a  beautiful 
and  durable  building  stone. 

"  The  Geode  bedJ^  The  limestone  of  Keokuk  is  succeeded 
by  a  bed  of  forty  feet  of  calcareous  shale  or  marl,  contain- 
ing numerous  geodes  of  quartz,  and  chalcedony ;  the  cavities 
likewise  often  filled  with  calcareous  spar,  zinc  blende,  etc. 
This  mass  is  well  known  as  the  geode  bed,  or  geodiferous 
bed  in  the  limestone  series  of  the  Mississippi  valley,  and 
forms  in  Southern  Iowa  a  well-marked  upper  limit  for  the 
Keokuk  limestone. 
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WARSAW,  OB  SECOND  ARCHIMEDES  LIMESTONE. 

Succeeding  the  "Geode  bed'*  we  find  amass  of  magnesian 
limestone ;  and  to  this  succeed  beds  of  shaly  limestone,  with 
partings  of  shale  or  marl  rapidly  decomposing  on  exposure. 
The  limestone  is  sometimes  arenaceous,  and  usually  sepa- 
rates in  thin  laminsB.  In  its  fossils  it  is  conspicuously  marked 
by  the  presence  of  the  spiral  axis  of  a  large  species  of  Ar- 
chimedeSj  or  Fenestella^  and  by  a  great  abundance  of  reticu- 
lated Bryozoa.  To  the  shaly  limestone  succeed  some  beds  of 
yellow,  coarse,  calcareous  sandstone,  which  in  some  places 
contain  small  pebbles  of  quartz. 

These  different  strata  together  constitute  a  single  group ; 
of  which  the  central  member  is  more  persistent,  and  the 
lower  and  higher  portions  become  merged  in  the  mass,  as 
the  whole  assumes  a  more  homogeneous  character.  This  for- 
mation, though  seen  in  the  cliffs  above  and  below  Keokuk,  is 
much  better  developed  at  Warsaw  on  the  opposite  side  of  the 
river,  and  the  name  Warsaw  or  Second  Archimedes  limestone 
is  adopted  to  designate  the  group. 

In  tracing  the  formations  northward,  the  beds  of  this  group 
appear  in  the  neighborhood  of  Mount  Pleasant.  To  the  south 
and  east  its  characters  become  better  defined,  and  the 
coarser  arenaceous  layers  and  the  magnesian  beds  have  dis- 
appeared. The  rock  is  every  where  marked  by  the  presence 
of  large  numbers  of  Bryozoa,  and  numerous  species  of  other 
fossils.  In  descending  the  Mississippi  river,  the  beds  of  this 
group  are  distinguishable  below  the  limestone  of  the  cliffs 
at  Alton,  Illinois.  On  the  eastern  margin  of  the  Illinois  coal 
field,  the  same  beds  reappear  at  Bloomington  and  Spergen 
hill,  and  also  at  Clear  creek  in  Monroe  county,  Indiana. 

Although  this  group  attains  no  very  great  thickness,  so  far 
as  known  at  the  present  time,  yet  the  constancy  of  its  cha- 
racters, and  the  occurrence  of  the  same  species  of  fossils  in 
its  beds  over  an  area  of  two  or  three  hundred  miles,  entitles 
[TowA  Survey.]  13 
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it  to  the  rank  of  a  subordinate  group  in  the  great  series  of 
Carboniferous  limestones . 


ST.  LOUIS  LIMESTONE,  OF  PROF.  SWALLOW; 

Concretionary  limestone,  op  Dr.  D.  D.  Owen. 

The  "Concretionary  limestone"  cited  by  Dr.  Owek  as 
occurring  near  the  mouth  of  the  Des  Moines  river,  consists 
generally  of  a  breccia  composed  of  fine,  compact,  ash-colored 
limestone  in  fragments  of  various  sizes,  having  the  inter- 
stices filled  with  a  subcrystalline,  yellowish,  granular,  cal- 
careous material,  which  is  sometimes  quite  pulverulent  and  . 
rarely  very  compact. 

The  rock,  as  it  appears  at  Keokuk  and  at  points  above  this 
on  the  river,  as  well  as  at  Mount  Pleasant  and  elsewhere, 
appears  like  the  attenuated  margin  of  a  more  important  for- 
mation, presenting  the  usual  fractures  of  the  thinning  out  of 
a  limestone,  viz.  a  brecciated  and  concretionary  structure. 
This  presumption  proves  to  be  true ;  for  as  we  trace  the 
rock  southward  beyond  the  State,  it  presents  other  aspects, 
gradually  losing  its  concretionary  and  brecciated  character, 
and  becoming  an  important  limestone  formation. 

This  rock  can  be  traced  along  the  river  as  far  north  as 
opposite  Fort  Madison,  where  it  has  a  thickness  of  a  few  feet ; 
and  it  is  likewise  seen  at  Mount  Pleasant,  succeeding  the 
yellow  and  brown  magnesian  limestones  of  that  locality.  It 
appears  not  always  brecciated  and  concretionary,  but  some- 
times as  a  compact  grey  limestone,  in  thin  diagonally  lami- 
nated layers,  and  also  as  a  fine,  compact,  ash-colored  lime- 
stone. It  presents  both  these  characters  in  different  localities 
in  the  vicinity  of  Mount  Pleasant ;  and  some  of  the'  beds 
are  often  of  sufficient  thickness  to  furnish  a  good  building 
material. 

In  tracing  these  higher  members  of  the  series  to  the 
northward,  the  limits  of  the  groups  become  less  and  less 
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distinctly  defined ;  and  the  increase  of  coarser  sedimentary 
matter  gives  a  diflferent  aspect  to  the  whole  mass. 

In  the  vicinity  of  Mount  Pleasant  the  brecciated  limestone 
forms  the  higher  beds,  and  the  strata  intermediate  between 
this  and  the  Keokuk  limestone  are  extremely  variable.  At 
Hartnet's  quarry,  one  mile  southwest  of  Mount  Pleasant, 
the  following  beds  represent  the  higher  members  of  the 
series. 

8.  Limestone  in  a  single  heavy  bed  with  dividing  seamg      .       2  feet. 

7.  Shaly  limestone 18  to  20  in. 

6.  Argillaceous  limestore,    with    nodules,  of  chert ;  upper 

part  shalj 2  feet. 

5.  Limestone,  fine  grained  and  compact  ...  ...       1  foot. 

4.  Argillo-calcareoiis   sandstone,    with    calcareous    bands ; 

shaly  below 20  inches. 

3.  Fine  sandstone  with  nodules  of  sandstone. 

2.  Limestone  in  two  layers  with  green  shaly  partings      .     .     12  to  18  in. 

1.  Argillo-calcareous  sandstone  in  a  single  massive  bed      .       2  feet. 

The  two  higher  beds  here  represent  the  St.Louis  or  brec- 
ciated limestone ;  and  those  below,  the  Warsaw  limestone, 
with  the  arenaceous,  argillaceous  and  magnesian  limestone. 

In  another  quarry  on  the  same  stream,  half  a  mile  below 
the  last,  we  £nd  the  following  succession  of  beds. 

8.  Brecciated  and  fragmentary  limestone,  clay,  etc.  (suc- 
ceeded above  by  shale) 4  to  6  ft. 

7.  Brown  limestone  in  irregular  layers 14  inches. 

Clay 6  inches. 

6.  Limestone  beds  as  in  quarry  above 2  feet. 

5.  Argillaceous  limestone  becoming  more  calcareous  below,     20  inches. 

4.  Limestone  in  beds  of  4  to  12  inches,  brownish  in  the 

upper  half ;  the  lower  part  furnishing  flagstones,  with 
arenaceous  partings 4  feet. 

3.  Yellowish  earth  with  nodules  of  limestone. 

2.  Limestone 1  foot. 

1.  Argillo-calcareous  sandstone,  as  at  the  base  of  the  former 
quarry. 
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The  change  in  the  character  of  the  strata  in  so  short  a 
distance  is  very  remarkable ;  and  the  only  rock  which  affords 
a  guide  to  the  position,  is  the  brecciated  limestone,  vrhich, 
though  varying  in  some  degree,  is  usually  recognizable.  All 
the  beds,  with  the  exception  of  the  brecciated  mass,  are  non- 
fossiliferous ;  and  the  only  fossil  observed  in  that  rock  was 
the  Lithostrotion  floriforme  of  Owen.  This  fossil  occurs  in 
large  masses,  usually  silicified  and  well  preserved. 

In  the  valley  of  the  Mississippi  river,  opposite  to  Fort 
Madison,  the  section  of  the  strata  is  as  follows  : 

Brecciated  limestone  with  green  clay,  and  a  layer  of  darker 
magnesian  limestone  at  the  base. 

Magnesian  limestone. in  unequal  layers,  mostly  thickbedded 

(quarried  for  use  at  Fort  Madison) 20  feet. 

Shale  of  "Geode  bed" 20  to  26  fk. 

( Space  across  river  bottom,  no  rocks  seen.) 

Compact  encrinal  limestone  at  river  bank. 

The  Keokuk  limestone  with  arenaceous  and  magnesian  beds 
intercalated,  forming  cliffs  about        20  feet. 

The  Keokuk  limestone  formation,  the  Greode  bed,  and  the 
Magnesian  limestone  at  the  base  of  the  Warsaw  limestone 
formation,  are  here  well  defined;  but  the  shaly  limestones 
of  Warsaw  appear  to  be  represented  by  shales  or  green  clay, 
.which  is  not  here  distinctly  separated  from  the  brecciated 
limestone  above. 

With  the  brecciated  limestone,  terminates  the  series  of 
Carboniferous  limestones  in  Iowa.  The  Coal  measures  rest 
directly  upon  the  brecciated  limestone  at  the  southern 
limits  of  tjlie  State,  as  shown  in  a  section  of  the  clifis  near 
Keokuk. 
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Section  of  Rocks  in  detail^  in  the  neighborhood  of  Keokuk^  in  the 
descending  order, 

'  Superficial  soil. 
Goal  and  coal  shales. 

( Goal  1  foot  in  old  working  below  Keokuk.) 
Sandstone  of  Nassau  slough,  and  top  of  bluff  at 

Nashyille,  above. Keokuk 10  or  12  ft. 

St.  Louis  (  Brecciated  and  concretionary  limestone,  some- 
LIMESTONE.  (      times  of  a  yellow  color  for  a  small  extent    .     20  feet. 

'  Goarse  calcareous  yellow  sandstone,  in  thick 
heavy  beds,  quarried  for  building. 

Argillaceous  limestone  with  shaly  partings,  con- 
taining abundance  of  large  Ai-chimedes  and 
other  Bryozoa  :  thickness  at  Warsaw      .     .     25  feet. 

Magnesian  limestone  of  variable  thickness,  and 
sometimes  absent. 

Calcareous  shale  ynd  marl  with  geodes ;  the 
"  Geode  bed"  not  often  exceeding  twenty-five 
feet  :  greatest  thickness 40  feet. 

Encrinal  limestone,  often  in  heavy  beds  with 
shaly  partings  ( the  Keokuk  or  lower  Archi- 

Keokuk    )      medes  limestone  proper) .     40  feet. 

LIMESTONE,  i  Ghcrty  beds  alternating  with  beds  of  encrinal 
limestone,  forming  the  Rapids  above  Keokuk: 
thickness  20  to  50,  and  sometimes       .     .     .  100  feet. 

(These  form  the  beds  of   passage  to  the 
Burlington  limestone  below.) 

This  succession  has,  heretofore,  been  regarded  as  the  true 
order  and  sequence  among  the  strata,  from  the  Carboniferous 
limestone  to  the  Coal  measures.  Prof.  Swallow,  however,  in 
his  report,  has  shown  that  an  important  sandstone  comes  in 
above  the  St.Louis  or  brecciated  limestone,  and  between  that 
rock  and  the  Coal  measures  proper,  in  Missouri.  This  sand- 
stone is  not  a  part  of  the  Coal  measures,  but  is  regarded 
very  properly  by  Prof.  Swallow  as  forming  a  part  of  the 
Carboniferous  limestone  series. 

With  a  view  to  determine  this  point  in  a  satisfactory 
manner,  and  also  to  resolve  some  questions  relative  to  the 
limestones  already  examined,  after  the  close  of  the  working 
season  in  Iowa,  we  proceeded  southward  along  the  Missis- 
sippi, and  examined  in  succession  the  exposures  of  rocks 
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almost  continuously,  to  the  mouth  of  the  Ohio  river.  Since 
these  examinations  were  made  with  a  view  to  their  interest 
and  importance,  in  connexion  with  the  Greological  Survey  of 
Iowa,  and  as  they  may  enable  us  to  arrive  at  a  more  correct 
understanding  of  the  Carboniferous  limestone  series  in  its 
geographical  distribution  and  relations  to  the  Coal  measures, 
a  sketch  of  the  results  is  here  introduced. 

For  purposes  of  comparison  and  reference,  the  sections 
which  Prof.  Owen  and  Prof.  Swallow  have  given  of  the  same 
formations  are  here  introduced. 

The  following  table  expresses  the  measurements  and  suc- 
cession of  rocks  as  contained  in  the  section  of  Dr.  Owen. 

coal  measures. 


20  feet. 

Upper  concretionary  lllneBtone. 

10  feet. 

Gritstones. 

SOfbtA,. 

Lower  concretionaTy  limestone. 

10  feet. 

Gritstones. 

10  feet. 

[Magnesian  limestone. 

80  feet. 

Geodiferous  bed. 

50  feet. 

Archimedes  limestone. 

16  feet. 

Shell  beds. 

15  feet. 

Keokuk  cherty  limestones. 

70  feet. 

■          — -— 

Reddish  brown  Encrinital  group  of  Hanaibal. 

55  feet. 

Encrinital  group  of  Burlington. 

75  feet. 

Argillo-calcareous  group,  Evans  falls. 

i i 
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Prof.  Swallow,  in  his  Report  on  the  Geology  of  Missouri, 
gives  the  following  as  the  series  &om  the  Coal  measures  to 
the  Chemung  group. 


8D 


g    tf     Hi 


E.  Lower  Goal  measures 140  feet. 

F.  Ferruginous  sandstone 195     *' 

0.  St.  Louis  limestone 250     ** 

H.  Archimedes  limestone 200     '< 

1.  Encrinital  limestone 500     '* 


o       (3.    Ghoteau  limestone     ........       70  feet. 

S  o  <!    K.  Vermicular  sandstone  and  shale  ....       75 


L.  Lithographic  limestone 60     ** 


The  r  umbers  J,  K  and  L  constitute  the  Chemung  group, 
as  shown  in  the  section,  at  Burlington,  Iowa;  and  corre- 
spond to  the  argiUo-calcareous  group  of  Evans'  falls,  in  Dr. 
Owen's  section.  In  both  the  sections  given  above,  the  Bur- 
lington or  Encrinital  limestone  succeeds  to  that  group. 

In  Prof.  Swallow's  section,  the  two  encrinital  limestones 
of  Dr.  Owbn's  section  are  given  as  one  mass ;  and  the 
"  Keokuk  cherty  beds,"  and  the  "shell  beds"  are  imited  with 
the  "  Archimedes  limestone"  as  a  single  formation. 

Continuing  om*  observations  southward,  beyond  the  limits 
of  Iowa,  we  find  the  limestones  dipping  to  the  southward 
for  some  distance,  when  there  is  again  a  gentle  ascent 
in  the  same  direction ;  and  at  Quincy,  Illinois,  we  find  the 
Burlington  limestone,  the  cherty  beds  of  the  Keokuk  rapids, 
and  the  Keokuk  limestone,  exposed  in  the  river  cliffs  and 
quarries,  and  along  Bear  creek  which  joins  the  river  a  short 
distance  above  the  town.  The  strata  still  continue  to  rise, 
and  at  Hannibal,  Missouri,  the  Burlington  limestone  forms 
the  top  of  the  hills  near  the  town,  while  the  lower  portions 
of  the  same  consist  of  the  Chemung  group,  and  the  litho- 
graphic limestone  of  the  Missouri  Reports. 
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Below  this  point,  the  limestones  of  the  Carboniferous  pe- 
riod gradually  rise  in  the  clifis,  and  recede  from  the  river, 
while  lower  strata  continue  to  emerge  as  we  go  southward. 
The  Burlington  and  Keokuk  limestones  still  cap  the  hills  at 
Louisiana  and  Clarksville,  while  the  shales  of  the  Hudson- 
river  group  are  seen  at  the  river  level. 

At  Hamburg,  on  the  Illinois  side  of  the  river,  the  Burling- 
ton limestone  forms  the  higher  part  of  the  cliffs,  while  the 
slope  below  is  over  Chemung  and  Hamilton  groups,  and  the 
Niagara  limestone  is  the  lowest  rock  visible. 

In  pursuing  the  examinations  still  farther  south,  the  Tren- 
ton limestone  group  gradually  ascends,  forming  a  high  cliff 
before  reaching  Cap  au  Gres,  and  from  beneath  it  rises 
the  lower  sandstone  in  a  bold  promontory,  which  gives 
origin  to  the  name.  On  the  southern  side  of  this  pro- 
montory, the  rocks  hi^ve  been  thrown  down,  and  we  find 
the  strata  of  the  Burlington  limestone  standing  vertically 
in  the  river  bank*.  Southward,  and  within  a  short  space, 
they  pass  from  vertical  and  highly  inclined  strata  to  those 
with  a  gentle  southerly  dip,  so  that  the  entire  series  from 
the  Burlington  limestone  to  the  Coal  measures  is  repeated 
in  the  hills  within  a  short  distance  below  Cap  au  Gr^s.  The 
higher  beds  of  the  Carboniferous  limestone  series  ( the  St. 
Louis  limestone)  continues  along  the  river  bank  to  Milan, 
within  four  miles  of  the  mouth  of  the  Illinois  river. 

The  line  of  the  fault  before  mentioned  is  nearly  parallel 
to  the  course  of  the  Mississippi  river,  from  the  mouth  of  the 
Illinois  to  the  junction  of  the  Missouri ;  and  a  small  outlier 
of  the  Carboniferous  limestone  which  is  thrown  down,  lies 
in  the  bend  of  the  Illinois  on  the  east  side,  a  short  distance 
above  its  junction  with  the  Mississippi  river. 

*  This  point  on  the  Mississippi  marks  the  line  of  a  fault  which  has  occurred  from  the 
breaking  or  tearing  of  the  strata  in  the  elevation  of  a  low  anticlinal  axis;  and  while  the 
northern  half  remains,  the  southern  has  gone  down,  allowing  the  Carboniferous  lime- 
stones to  come  in  upon  the  same  horizon  as  the  sandstone  below  the  Trenton  limestone. 
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This  feult  has  been  traced  bj  Mr.  Woethbn,  in  his  inves- 
tigations in  the  Illinois  survey,  across  the  country  interven- 
ing between  the  Illinois  and  Mississippi  rivers,  and  still 
farther  to  the  southeast  within  the  State  of  Illinois. 

The  southwesterly  outcrop,  therefore,  of  the  northeastern 
half  of  the  axis,  is  continued  along  the  east  bank  of  the 
Mississippi  at  the  mouth  of  the  Illinois,  and  for  some  dis- 
tance below ;  when  it  declines  by  a  rapid  dip,  interrupted 
by  one  or  more  transverse  fiiults.  The  lowest  beds  examined 
at  Mason's  landing  ( mouth  of  the  Illinois  river)  are  of  the 
Nia^ura  limestone ;  but  there  is  a  slope  from  the  base  of  the 
hill,  which,  with  the  bottom  land,  may  be  about  seventy-five 
feet  to  the  river  level  j  and  this  is  probably  occupied  by 
shales  of  the  Hudson-river  period. 

The  Carboniferous  limestones  soon  come  in  below  Mason's 
landing,  and  we  have  the  series  repeated  from  the  Burling- 
ton through  the  Keokuk  and  Warsaw  limestones,  until  we 
find  the  cliffs  capped  by  the  St.  Louis  or  concretionary 
limestone.  The  latter  rock  forms  the  line  of  cliffs  for  several 
mit^s  above  Alton,  and  continues  below  that  place,  as  the 
river  makes  a  westerly  bend,  leaving  the  limestone  bounding 
the  broad  bottom  land. 

This  limestone,  including  some  beds  not  seen  in  the  river 
section,  corresponds  to  the  brecciated  limestone  of  Southern 
Iowa ;  but  with  its  increased  thickness,  the  brecciated  cha- 
racter is  nearly  lost,  and  only  appears  at  intervals,  often 
beginning  and  ending  abruptly,  while  the  intermediate  por- 
tions, including  a  large  part  of  the  rock,  are  heavy  bedded, 
more  or  less  diagonally  laminated  limestones,  of  a  light  grey 
color  and  often  nearly  white. 

The  higher  limestones  of  the  series  continue  for  some  dis- 
tance below  St.  Louis,  when  they  are  interrupted  by  the 
elevation  of  the  older  rocks  in  the  neighborhood  of  Selma. 
Below  this  place  the  strata  again  decline,  and  the  brecciated 
[Iowa  Survey.]  14 
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limestone,  with  characters  similar  to  those  which  it  presents 
in  the  cliffs  above  Alton,  comes  to  the  river  level  at  St.  Ge- 
nevieve in  Missouri,  and  forms  the  cliffs  along  the  American 
bottom  above  and  below  Prairie  du  Rocher,  upon  the  Illi- 
nois side  of  the  river. 

Although  not  traced  continuously  below  St.  Louis,  I  con- 
ceive there  can  be  no  hesitation  in  adopting  the  conclusions 
here  expressed  in  relation  to  these  rocks.  In  following  the 
river  bank  from  St.  Grenevieve  northward,  we  pass,  within 
a  few  miles,  over  all  the  strata  from  the  St.  Louis  limestone 
to  the  unequivocal  Burlington  limestone.  The  intermediate 
beds  have  expanded  in  thickness,  and  have  assumed  some 
different  characters  beyond  those  observed  in  their  more 
northerly  extension ;  containing,  moreover,  a  greater  num- 
ber of  species,  and  some  new  forms  of  fossils. 

At  Prairie  du  Rocher  the  limestone  (  St.  Louis  or  concre- 
tionary limestone)  contains  Lithostrotion  fioriforme  (of  Owen), 
which  every  where  marks  its  presence  from  Southern  Iowa 
to  this  place,  over  an  extent  of  more  than  three  degrees  of 
latitude.  The  rock  is  for  the  most  part  heavy  bedded,  and 
forms  an  abrupt  cliff  bounding  the  low  prairie  on  the  east. 
It  has  a  gentle  southerly  dip,  and  the  ferruginous  sandstone 
soon  comes  in  on  the  south,  forming  a  part  of  this  cliff.  The 
limestone  disappears  beneath  the  general  level  of  the  bot- 
tom land  about  two  miles  south  of  Prairie  du  Rocher ;  and 
from  this  point  the  sandstone  continues  gradually  declining 
to  about  half  way  between  Prairie  du  Rocher  and  Kaskaskia, 
where  it  disappears.  This  is  in  tiim  succeeded  by  a  limestone, 
which  being  well  characterised  and  in  great  force  at  Kaskas- 
kia, may  be  named  from  that  locality. 
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KASKASKIA  LIMESTONE. 
Archimedes  limestone  of  OWEN,  Swallow  etal.;  *^  Pentremital  ltmestone^\ 

This  rock  forms  the  cliff  bordering  the  American  bottom 
from  Kaskaskia  to  Chester,  and  thence  southward,  having  a 
continuous  exposure  of  more  than  ten  miles.  The  lower  part 
is  a  compact,  arenaceous  and  coarse  textured  limestone,  with 
shaly  partings,  and  containing  numerous  fossils.  In  its  cen- 
tral and  upper  portions  it  includes  a  thick  bed  of  sandstone, 
and  the  limestone  beds  are  separated  by  shaly  partings 
which  often  equal  the  calcareous  strata  in  thickness.  Towards 
the  higher  part  there  is  a  mass  of  green  shale  or  marl  sixty 
feet  thick,  and  this  is  again  succeeded  by  some  heavy  beds 
of  limestone  containing  Spirifery  Allorisma  and  a  species  of 
Pinna. 

Among  the  characteristic  fossils,  are  several  species  of 
Fenestella  ( Archimedes ),  and  other  forms  of  this  family ; 
Peniremites  florealis,  P.pyriformisy  P.sulcatttSj  and  others; 
several  species  of  Terebratulaj  Spirifer,  Productus^  etc.,  all 
or  nearly  all  of  which  are  distinct  from  the  species  ob- 
served in  the  limestones  farther  to  the  north,  and  in  lower 
positions. 

This  limestone  is  far  more  prolific  in  the  spiral  axes  of 
Archimedes  than  either  the  Keokuk  or  Warsaw  limestone ; 
and  contain^'ng  species  all  quite  distinct  from  those  in  the 
lower  beds,  it  is  equally  or  better  entitled  to  the  name  of 
*^  Archimedes  limestone.^  ^  Indeed,  I  believe  it  to  be  this  lime- 
stone on  the  Ohio  river,  and  in  Illinois  and  Indiana,  to  which 
that  name  was  first  applied ;  while  the  occurrence  of  the 
axes  of  other  species  in  the  Keokuk  limestone,  and  in  the 
Warsaw  limestone,  which  were  not  distinguished  as  different 
from  those  in  the  Kaskaskia  limestone,  first  suggested  the 
identity  of  the  limestones  of  Southern  Iowa  with  those  of 
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Southern  IllinoiB,  Indiana,  Kentucky,  Tennessee  and  Ala- 
bama. 

In  the  limestone  imder  consideration,  Pentremites  occur 
abundantly ;  and  from  this  circumstance  it  has  also  received 
the  name  of  "  Pentremital  limestone^\  which  is,  indeed,  a  far 
better  distinctive  name  than  "Archimedes  limestone' %  since 
Pentremites  are  more  abundant  in  this  formation  than  in  any 
other  rock  in  the  West,  and  species  of  this  genus  are,  for 
the  most  part,  comparatively  rare  in  any  of  the  lower  mem- 
bers of  the  Carboniferous  limestones*. 

Regarding  the  observations  detailed  above  as  correct,  it 
becomes  necessary  to  extend  the  nomenclature  of  Carboni- 
ferous limestones,  and  to  include  another  member  above  the 
ferruginous  sandstone  of  Prof.  Swallow's  section.  The  series 
thus  extended,  including  those  before  enumerated  as  occur- 
ring in  Southern  Iowa,  will  give  the  following  section : 

*  In  the  Mlsaissippi  ralley /species  of  the  Genus  Ptntrvmittt  first  appe&r  hi  the  lime- 
stone of  the  age  of  the  Upper  Helderberg  group  of  New- York,  and  also  in  the  shales  of 
the  Hamilton  group  which  succeed  this  limestone. 

From  the  Burlmgton  limestone,  the  following  species  hare  been  described  by  Messrs. 
OwxH  and  Shuicard  in  the  Report  upon  the  Geology  of  Wisconsin,  Iowa  and  Himiesotay 
Tiz.  Pentremitci  nortooodi,  P.  melo  and  P.  stelliformii.  In  the  Gkological  Report  of  Mis- 
souri, Dr.  Shuxakd  has  described  two  other  species  from  the  same  limestone,  the  *P. 
elongatus  and  P.  9<iyi.  These  are  all  different  from  the  prevailhig  forms  hi  the  higher 
members  of  the  series,  and  may  with  propriety  constitute  a  distmct  section  of  the  genus. 

Two  species  are  known  in  the  Warsaw  limestone,  P.  konincki  and  P.  eonoideut,  Hall; 
while  in  the  Kaskaskia  limestone  we  have  P.flortalU  and  P.pyriformU  of  Sat,  P. 
gloho9u$,  Tbo08t  =  P.  mlcaUu^  RaxBB?}  P.  lattmiformut  Oma  and  Shuiiaxd,  and 
P.  curtuMf  Shumard. 

It  is  the  great  profusion  of  the  individuals  of  the  three  first  named  species,  that  gives 
to  this  last  named  member  of  the  series  the  character  of  a  Pentremital  Um^stone. 
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Til.    Goal  kbasvkes  of  Iowa,  lUinoUi,  and  MiBsoari. 

l         ("  Pentremital  limeatone") :  )  ^^'  ^•'^  ■'  Missouri. 

(  The  lower  beds  of  VI  are  arenaeeotts/oonstitntlng  beds  of  passage.) 

C  Gmay,  Browit  or  FBBSoanrovs  aakd-  y Below  St.  QeBeyieve,  AUaaonri; 
Y.{     STONK,  oTerlying  the  limestones  of  >  Between  Prairie  du  Rocher  and  Kas- 
(     St.  Looia  and  Alton:  )     kadtU,.IllinoU. 

(  The  passage  from  IV  to  V  is  very  abrupt.) 

f  a-  T  «,«-  * t,r,h^nirw  >  Highest  beds  below  Keokuk,  Alton, 

"^•{^(C^SoST^etooe):  \     |t.  1-J^  St.  Genevieve.  Pr.lrie 

( In  the  absence  of  the  arenaceous  bed,  the  line  of  demarcation  between  III  and 
IV  is  not  strongly  marked.) 

(AjtsHACsovs  bed;  at  Keokuk  and  northward. 
Warsaw  LinsroirE,  «r  >  Warsaw,  and  above  Alton,  IttinoSs; 

Second  Archimedes  limestone:  $  Bloomington  and  Spergen  hill/ Ind. 

Hagneslan  limestone;  at  Warsaw;  opposite  Fort  Madison,  Mt. Pleasant,  etc. 

(Beds  of  passage,  soft  shaly  or  marly  beds  with  geodea  of  quartz, xhaloedony, 
etc.  The  **  Geode  bed''  at  Keokuk,  and  Nashville,  Iowa;  Warsaw,  Illinois. 


II. 


{"^Z  A^SEei  Lestone  l^^o'S^cv^^^liS^oif  ^^^^^ 

(theAwhiniedeslime»t*neofOw.ii,f     S&i.  ^^"^^^^  ^'^' 


Swallow  et  al.) : 


1 1 


(  Beds  of  pMMge,  cheity  Umeatone  60  to  100  ftet  :  Rapids  OLberte  Keeknk, 
Iowa;  Quincy,  Illinois.) 

T  S<Xi^^^^m»Mt  TnrtM«Ai»« .  >.Burliiigton,  Iowa  ;  Qtiinoy,  minoia ; 

I.ptrmtWGTOifLiwSTOirB:  ^     HarSibal,  Missouri. 

5^5fJl«S"tS.Th^^  Iowa;  fivaos'. Falls; 

I     SSups'ofNew^^^^^  Ham.ib^,.Missouri,  eu.. 
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By  a  comparison  of  this  section  of  strata  with  those  of 
Prof.  Owen  and  Prof.  Swallow,  some  differences  will  be  ob- 
served ;  but  these  are  such  as  appear  to  be  warranted  by  the 
examinations  detailed  above,  and  we  believe  this  expresses 
the  true  order  and  sequence  among  the  different  members 
of  the  Carboniferous  limestones,  not  only  of  the  Mississippi 
valley,  but  also  in  their  extension  to  the  east  and  south. 

There  is  essentially  a  complete  agreement  of  the  sections 
at  the  base,  a  single  mass  of  encrinal  limestone  being  re- 
cognized in  each.  The  remarkable  and  wide  spread  cherty 
beds  of  the  Lower  rapids  mark  the  passage  to  the  next 
member  of  the  series,  the  Keokuk  limestone,  which  is  re- 
cognized in  its  typical  localities,  by  Dr.  Owen,  under  the 
name  of  "  Archimedes  limestone";  though  other  localities 
are  cited  in  his  descriptions,  which  in  our  view  hold  a  higher 
position  in  the  series.  The  Archimedes  limestone  of  Prof. 
Swallow's  section,  in  the  localities  of  Clark,  Lewis,  and  Ma- 
rion counties  is  a  continuation  of  the  Keokuk  limestone ; 
but  I  am  unable  to  recognize  the  identity  of  the  rock  in 
these  localities  with  that  of  Perry  county,  cited  in  Prof. 
Swallow's  section  as  the  same. 

The  "  geode  bed"  in  Southern  Iowa  and  the  adjoining  parts 
of  Illinois,  shows  a  cessation  of  the  conditions  producing 
limestone  deposits  for  a  considerable  length  of  time ;  and 
the  recurrence  of  these  conditions  gives  origin  to  a  set  of 
Calcareous  beds  quite  different  in  their  character  and  or- 
ganic remains  from  those  below,  viz.  the  Warsaw  limestone. 
This  is  recognized  as  occurring  between  the  Keokuk  or 
Archimedes  limestone  and  the  St.  Louis  or  Concretionary 
limestone,  which  both  Profs.  Owen  and  Swallow  place  in 
direct  succession  in  their  sections. 

The  Ferruginous  sandstone  of  Prof.  Swallow  is  recognized 
in  this  section  in  the  same  order,  succeeding  the  St.  Louis 
limestone ;  but  above  this  rock  is  distinguished  an  important 
limestone  formation,  the  Kaskaskia  limestone^  which  along 
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the  Mississippi  river  appears  to  hold  unequivocally  this 
order  of  superposition. 

The  difl&culties  which  have  occurred  in  the  way  of  recon- 
ciliation of  the  views  of  western  geologists,  as  expressed  in 
their  several  Reports,  have  arisen  in  part  from  the  fact  that 
these  different  limestones  have  not  an  equal  geographical 
distribution ;  there  being  no  point  on  the  Mississippi  within 
our  knowledge,  where  a  transverse  section  of  this  valley 
will  embrace,  within  a  moderate  distance,  all  the  beds  here 
enumerated.  The  limestones  likewise  change  their  characters 
when  examined  in  a  north  and  south  direction,  owing  to 
causes  which  will  be  explained.  The  fossil  forms  which  have 
mainly  been  relied  upon  for  establishing  divisions  have  been 
mostly  of  generic  value  only,  and  specific  differences  have 
not  always  been  ful  y  appreciated. 

The  lowest  of  the  series,  the  Burlington  limestone,  has, 
as  already  shown,  a  greater  extension  northward  than  either 
of  the  succeeding  groups ;  and  its  gradually  thinning  edges 
stretch  far  towards  the  northern  limits  of  Iowa.  Near  this 
latitude  was  the  northern  boundary  of  the  ancient  ocean,  or 
at  least  the  limit  of  its  faima.  Considerably  to  the  south- 
ward of  this  we  first  find  the  attenuated  northern  edges 
of  the  Keokuk  limestone,  mingled  with  much  earthy  sedi- 
ment, and  often  consisting  of  a  few  thin  beds  of  Encrinal 
limestone  intercalated  among  other  beds  of  shale  and  clay. 
It  is  only  farther  south,  in  the  neighborhood  of  Nauvoo  and 
Keokuk,  that  this  limestone  first  exhibits  decidedly  its 
characteristic  features.  The  limits  of  the  ocean,  which  ad- 
mitted of  rock  deposition  and  the  support  of  animal  life  at 
this  period,  apparently  never  extended  so  far  north  by  many 
miles  as  in  the  period  of  the  Burlington  limestone. 

The  Warsaw  limestone  and  its  associated  beds  of  Magne- 
sian  limestone  and  Calcareous  sandstone,  appear  to  have  been 
nearly  coextensive  in  a  northerly  and  easterly  direction  with 
the  limestone  below,  so  far  as  known  at  present.  The  north- 
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ern  extensions  of  this  group,  however,  are  shaly  and  arena- 
ceous, and  apparently  destitute  of  organic  remains. 

The  St.  Louis  limestone  extends  nearly  or  quite  as  fiff 
north  as  the  groups  below,  but  only  as  a  thin  brecciated  or 
conglomerated  mass  ;  and  it  is  only  when  we  go  southward, 
in  the  neighborhood  of  Alton,  Illinois,  that  we  find  this 
rock  in  any  considerable  force.  In  the  Missouri  section,  this 
limestone  is  given  as  two  hundred  and  fifty  feet  thick,  while 
in  Southern  Iowa  it  is  less  than  fifty  feet.  The  *^  Archi- 
medes limestone"  of  the  same  section,  corresponding  with 
and  including  the  Keokuk  and  Warsaw  groups,  has  a  thick* 
ness  of  two  hundred  feet ;  while  in  its  more  northerly  out- 
crops its  entire  thickness  does  not  exceed  fifty  feet,  and  is 
less  than  this  in  many  placesu 

The  Burlington  limestone,  which  does  not  exceed  one 
hundred  feet  at  Burlington,  Iowa,  is  given  in  the  Missouri 
section  as  five  hundred  feet  thick. 

Nor  is  the  augmenting  thickness  the  only  evidence  of 
deeper  sead  and  more  quiet  waters ;  for  as  we  go  south ward» 
the  coarser  sediments  and  mixtures  of  shale  and  sandstone, 
prevailing  on  the  northern  outcrop,  disappear  in  great  part 
or  entirely,  and  the  whole  series  has  a  calcareous  character. 

In  the  geographical  distribution,  and  the  changes  of  litho- 
logical  characters  at  different  points,  we  have  yet  much  to 
learn  from  careful  local  investigation  and  comparison.  The 
facts  here  recorded,  which  are  a  small  part  only  of  those 
collected  during  these  examinations,  show  that  the  thin* 
ning  margins  of  the  formations  are  upon  the  north,  each  one 
in  succession  being  less  and  less  extended  in  that  direction; 
and  that  each  augments  in  thickness  and  becomes  better 
defined  towards  the  south. 

These  facts  warrant  the  conclusion  that  the  entire  series 
of  the  Carboniferous  limestones  were  successively  deposited 
in  an  ocean,  the  limits  of  which  were  gradually  contrncting 
upon  the  north,  while  at  the  south  the  conditions  were  be«- 
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coming  more  and  more  favorable  to  the  development  of  this 
kind  of  deposition,  and  to  the  support  of  the  fauna  which 
abounded  throughout  this  period,  until  both  culminated  in  the 
great  limestone  formation  of  Kaskaskia.  This  rock  is  known 
for  its  abundance  of  fossils  throughout  Kentucky,  Tennessee, 
and  Alabama ;  while  it  has  not  been  found  to  extend  so  far 
north  as  the  Burlington  limestone,  by  four  or  five  degrees 
of  latitude. 

The  centres  of  greatest  development,  both  of  deposition 
and  of  animal  life,  were  constantly  being  transferred  far- 
ther to  the  south  at  each  successive  epoch  here  indicated; 
and  while  the  greatest  development  of  the  Burlington  lime- 
stone is  to  the  north  of,  or  about  the  latitude  of  St.  Louis, 
that  of  the  Easkaskia  limestone  is  on  the  south  of  the  Ohio 
in  Tennessee  and  Alabama. 

To  these  limestones  just  noticed  succeeds  the  "Ferruginous 
sandstone*',  which,  in  the  Mississippi  valley,  thins  out  en- 
tirely, or  becomes  extremely  attenuated,  before  reaching  the 
mouth  of  the  Des  Moines  river  on  the  north ;  while  the  suc- 
ceeding Kaskaskia  limestone  only  acquires  considerable  force 
in  the  neighborhood  of  the  Kaskaskia  river,  and  is  known,  in 
the  interior,  extending  in  its  thinning  northern  margins,  as 
far  north  as  Prairie  de  Long.  This  limestone  increases  in 
force  as  we  go  southward ;  and  in  Kentucky,  Tennessee,  and 
Alabama,  it  constitutes  the  greatest  part  of  the  rock  desig- 
nated as  ^*  Carboniferous  limestone*^  or  ^*  Mountain  limestone^\ 
In  Tennessee,  its  thickness  is  estimated  by  Prof.  Safford  at 
twelve  hundred  feet. 

Some  sections  of  the  rock  in  Alabama,  measured  by  Mr. 
WoBTHBN,  gave  a  thickness  of  more  than  nine  hundred  feet. 

The  following  sections  will  furnish  the  means  of  compa- 
rison of  the  successive  groups,  and  of  the  several  members 
of  the  same  at  different  and  distant  points : 

[  low    SlIRVBT.]  16 
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Section  of  the  Strata  exposed  in  Monte  Sana  near  Huntsvilhy  Alabama*. 

Goal      (  Ferruginous  sandstone 30  feet. 

MEASURES.  (  Slate  and  impure  coal 4  feet. 

1.  Light  bluish  gray  compact  limestone,  containing  teeth  of 

Pzammoduiy  Bdlerophon  bimlcus  ?   Pentremites  glo- 

hosus  and  P.florealiSy  Archimedes j  etc -60  feet. 

2.  Shalj  limestone,  somewhat  chertj,  and  weathering  to  a 

buff  color ;  ite  outcrop  usually  hidden  by  a  slope  co- 
vered by  the  debris  of  the  overlying  rocks  :  contains 
Spirifer  incrassatus  1  and  Terebratula 100  -  120  ft. 

3.  Compact  bluish  gray  limestone,  semioolitic  in  part  ;  com- 

paratively poor  in  fossils,  but  containing,  somewhat 
rarely,  Pentremites  globostcs,  P,fiorealis  and  P.pyri- 
formisy  Archimedesy  etc 260  feet. 

4.  Ferruginous  sandstone 10  -  15  ft. 

5.  Compact  gray  limestone,  with  Archimedes  and   Pentrt" 

mites  in  great  numbers,  Cyathocrinus  craterifdrmis, 
Poteriocrinus  gracilis^  Zeacrinus  magnoliaforrniSy 
Agassziocrinus  amicus^  Productus  elegans  ?  P.  semire- 
ticulattis?  eio •  200  feet. 

6.  Decomposing  cherty  layers 4  feet. 

7.  Gray  cherty  limestone  with  one  or  two  oolitic  beds,  con- 

taining Lithostrotionfloriformej  Spirifer  striatus?  and 
joints  and  plates  of  crinoideae ;  the  cherty  beds  contain- 
ing Productus  cora  ?  and  P.  semireticulatus      .     .     .  150  -  200  ft. 

8.  Dark  bluish  gray  siliceous  rock,  weathering  to  a  shale  in 

some  localities,  and  containing  fossils  similar  to  those 

above,  except  the  Idthostrotion 100  feet. 

Section  of  the  Strata  of  the  Kaskaskia  limestone  exposed  in  the  Cliff 

at  Chester^  Illinois. 

The  section  above  the  town,  and  one  made  a  mile  below  the  town,  differ 
in  the  thickness  of  some  of  the  members. 

1    Compact  limestone  in  irregular  beds  with  shaly  partings 
and  sometimes  shaly  limestone,  containing  Pinna,  Spi- 
rifer incrassatus?  Productus^nd  Terebratula,  Bryozoa,  ^^  _  ^^  ^ 
etc.  . " 

2.  Soft  green  argillaceous  shale,  with  calcareous  seams  near 

the  base,  about ^"^®^*- 

•  This  section  was  made  by  Mr.  A.  H.  Wobthen,  Geological  Assistont  in  the  Iowa 
Survey,  lately  appointed  State  Geologist  of  IHinois. 
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3.  Limestone  with  shaly  partings,  containing  numerous  Brj- 

ozoa,  as  Archimedes^  etc.,  Spirifery  Terebratula^  and 
Produciusy  Pentremitts^  etc. 20  feet. 

4.  Fine-grained,  sometimes  argillaceous  sandstone,  of  a  yel- 

lowish color,  often  forming  a  terrace 8  feet. 

5.  Shale  and  shaly  limestone,  graduating  into  dark  shale  at 

a  distance  of  five  or  six  feet  from  the  top,  and,  at  ten 
feet  from  top,  becoming  a  thin-bedded  limestone  with 
shaly  partings,  which  is  more  compact  and  heavy  bed- 
ded at  the  river  level  :  contains  great  numbers  of  Ar- 
chimedeSj  Pentremites^  etc.  Entire  thickness  unknown  : 
to  river  level •.•...     70  feet. 

A  comparison  of  the  members  of  these  two  sections  shows, 
a  great  similarity  in  genei^^al  character  and  organic  contents. 

No.  1  of  the  Monte  Sana  section  corresponds  with  the 
upper  limestone  of  Chester.  The  green  shale  No.  2  of  the 
Chester  section  is  subject  to  much  variation,  and  is  often 
highly  calcareous  :  this  probably  corresponds  to  No.  2  of  the 
Monte  Sana  section,  which  is  a  shaly  and  sometimes  cherty 
limestone. 

The  beds  No.  3  are  similar  in  the  two  sections,  and  con- 
tain fossils  of  the  same  species. 

The  sandstone  No.  4  in  both  the  sections  is  of  similar 
character. 

The  upper  part  of  No.  5  in  the  Chester  section  is  shaly, 
and  consists  of  alternations  of  shale  and  limestone,  becoming 
more  compact  below ;  while  some  lower  strata,  not  seen  in 
the. section  at  Chester,  but  exposed  farther  to  the  north,  be- 
tween Chester  and  Easkaskia,  are  heavy-bedded  subcrystal- 
line  gray  limestones.  Many  of  the  fossils  in  the  two  localities 
are  of  identical  species. 

By  reference  to  the  general  section,  we  find  that  the  Fer- 
ruginous sandstone  lies  below  these  limestones  of  Chester 
and  Kaskaskia,  and  below  this  the  St.  Louis  limestone  con- 
taining Lithostrotion.  At  Monte  Sana  we  have  in  the  place 
of  the  sandstone  some  cherty  layers  of  No.  6,  while  No.  7 
represents  in  its  lithological  character  and  fossil  contents  the 
St.  Louis  limestone; 
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No.  8  of  the  Monte  Sana  section,  which  represents  a  por- 
tion of  the  ^^  Siliceous  group  of  Tennessee  and  Alabama",  is 
apparently  a  continuation  of  the  cherty  and  siliceous  beds 
which  form  the  rapids  at  Keokuk,  Iowa,  and  constitute  the 
beds  of  passage  from  the  Burlington  to  the  Keokuk  lime- 
stone. 

In  two  other  sections,  one  made  near  Tuscumbia  and  the 
other  in  the  vicinity  of  Buzzard's  Roost,  Alabama,  the  gray 
cherty  limestone  with  Lithostrotion  is  succeeded  in  one  case 
by  15  to  20  feet  of  shaly  non-fossiliferous  sandstone,  and  in 
the  other  by  30  feet  of  shale  entirely  destitute  of  fossils ; 
and  in  both  these  instances,  this  non-fossiliferous  bed  is  suc- 
ceeded by  limestones  containing  Pentremites  and  other  fossils 
similar  to  those  of  Kaskaskia  and  Chester. 

It  is  certainly  desirable  that  a  larger  number  of  sections^ 
and  more  extensive  collections  of  fossils,  should  be  made, 
before  we  rely  implicitly  upon  these  comparisons;  but  the 
Lithostrotion  floriforme,  which  holds  a  very  definite  horizon 
along  the  Mississippi  valley  above  the  mouth  of  the  Ohio, 
is  foimd  in  Tennessee  and  Alabama,  underlying  the  lime- 
stones which  hold  such  numbers  of  Pentremites  and  Archi- 
medes^ of  species  identical  with  those  of  Chester  and  Kas- 
kaskia. 

Although  the  Burlington  limestone  is  scarcely  recogniza- 
ble in  Tennessee  and  Alabama  as  a  distinct  formation,  there 
are,  nevertheless,  sometimes  cherty  crinoidal  beds  at  the 
base  of  the  ^'silicious  group^\  which  may  perhaps  be  regarded 
as  of  the  same  epoch  as  the  crinoidal  limestone  of  Burling- 
ton, Quincy  and  other  places. 

Some  very  interesting  enquiries  are  suggested  by  these 
facts,  and  at  the  same  time  they  afford,  in  some  degree,  the 
solution  of  a  difficulty  which  has  heretofore  been  unexplained. 

It  is  well  known  that  no  limestones  of  the  age  of  these 
here  described  occur  upon  the  west  side  of  the  Appalachian 
coal  field  on  the  north  of  the  Ohio  river,  nor  upon  the  eastr 
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em  side  cxf  the  same  field  to  the  north  of  the  central  portion 
of  Virginia.  The  same  is  true  of  the  coal  fields  of  Nova- 
Scotia  and  New-Brunswick,  according  to  Prof.  Dawson,  ^he 
northern  sides  exhibiting  no  underlying  limestones ;  while 
such  rocks  do  appear  coming  out  from  beneath  the  Coal 
measures  on  the  southeastern  side.  The  same  phenomena  oc- 
cur also  with  regard  to  the  coal  fields  of  Iowa  and  Illinois. 
The  northern  and  northwestern  margins  of  all  these  Coal 
measures  extend  beyond  the  limits  of  the  Carboniferous 
limestones.  At  the  same  time  I  have  ascertained,  in  the  most 
satisfactory  manner,  that  the  coal  fields  of  lowa^  Missouri, 
and  Illinois,  rest  unconformably  upon  the  strata  beneath, 
whether  these  strata  be  Carboniferous  limestones,  Devonian, 
Upper  Silurian  or  Lower  Silurian  rocks. 

It  would  appear,  that  at  a  period  long  preceding  the  com- 
mencement of  the  Carboniferous  limestone  deposits,  the 
ancient  ocean  began  to  contract  its  area ;  that  this  contrac-* 
tion  was  consequent  upon  the  uplifting  of  the  older  rocks 
upon  the  north;  and  that  this  state  of  things  continued 
throu^out  all  the  period  of  the  limestone  deposits.  Further- 
more, we  have  evidence  that  during  this  period,  or  at  its 
close,  and  previous  to  the  deposition  g£  the  Coal  measures, 
the  older  strata,  which  had  long  previously  been  raised  into 
numerous  anticlinal  axes  with  corresponding  depressions  and 
along  some  lines  broken  by  faults,  and  dipping  at  various 
angles,  had  to  some  extent  been  worn  down  by  denudation, 
which  also  produced  other  inequalities  of  the  surface;  and 
that  afterwards  the  Coal  measures  were  spread  out  over  the 
thinning  and  slightly  inclined  edges  of  the  Carboniferous 
limestone  beds,  and  the  edges  of  the  more  highly  inclined 
rocks  of  the  preceding  periods. 

Facts  indicate  very  clearly,  as  we  conceive,  that  the  area 
of  the  ancient  ocean,  which  had  been  contracting  up  to  the 
Coal  period,  was  then  extended  in  this  part  of  the  country 
by  the  sinking  of  the  land  on  the  north,  allowing  the  de- 
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posits  of  the  Coal  measures  to  be  spread  over  much  wider 
areas,  particularly  in  that  direction,  than  the  preceding  for- 
mations of  the  Carboniferous  limestones.  This  will  explain, 
in  a  very  satisfactory  manner,  the  cause  of  the  absence  of 
the  Carboniferous  limestones  on  the  northern  margins  of  all 
the  coal  fields  of  the  West,  and  at  the  same  time  suggests 
an  explanation  of  the  greater  accumulation  of  conglomerates 
and  coarser  materials  in  the  same  relative  position. 

Should  the  Carboniferous  limestones  of  Nova-Scotia  prove 
to  be  of  the  same  age  as  the  Carboniferous  limestones  of  the 
West  and  Southwest,  their  occurrence  so  far  to  the  north- 
ward of  the  northern  limits  of  the  Appalachian  coal  field 
may  still  be  explained,  by  supposing  the  line  of  ancient  coast, 
or  the  line  of  coral  reefs,  to  have  had  an  irregular  direction 
from  the  southwest  to  the  northeast,  following  the  undulations 
caused  by  unequal  depression  and  elevation;  and  it  may  have 
been  interrupted  by  the  elevation  of  the  Green  mountain 
and  Appalachian  chain,  which,  if  not  entirely  cutting  off  the 
continuity  of  the  Carboniferous  sea,  must  have  deflected  the 
course  of  the  limestone  deposits  very  far  to  the  southward. 
The  supposition  of  this  former  continuity  will  furnish  at  the 
same  time  an  explanation  of  those  limestones  areas  in  Rhode- 
Island  and  Massachusetts,  which  have  been,  with  hesitation, 
referred  to  the  Carboniferous  period*. 

*  That  the  limestones  of  Nova- Scotia  may  be  different  from  those  ahready  described , 
will  not  of  itself  afford  an  argoment  against  the  correctness  of  the  views  advanced  above. 
The  age  of  the  Carboniferous  limestone  of  Virginia  has  not  yet  been  established,  so  far 
as  I  know;  for  to  be  simply  ''  Carboniferoui  lUneaton^*,  it  maybe  either  one  of  the  five 
very  distinct  groups  already  described,  or  it  may  be  a  gronp  different  from  either  of 
the8e(l).  The  great  difference  of  fossils  at  distant  points,  often  referred  to  climatic  in- 
fluences, I  conceive  to  be  only  the  different  expression  of  life  in  distinct  epochs  of  the 
Carboniferous  limestone  period;  and  with  our  present  knowledge,  it  seems  more  reasona- 
ble to  conclude  that  the  l^ova-Scotia  Carboniferous  limestone  is  of  a  different  epoch  fh>m 
those  of  the  Mississippi' valley. 

(1)  Profs.  W.  B.  A  H.  D.  Roobbs  have  annonnoed  the  diseovery  of  this  Carboniferous  lime- 
stone in  Virginia  :  the  former  plaees  it  as  an  intercalation  between  the  upper  and  lower  red 
shale  formation^  No.  XT,  wedging  out  to  the  northward,  but  containing  **  myriads  of  oharac- 
teristio  oarboniferoos  foseils". 
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It  is  not  improbable  that  thier  may  have  been  the  direction 
of  the  coast  line  at  that  period,  since  we  know  that  at  the 
west  its  course  was  irregular,  extending  farther  to  the  north 
in  some  points  than  in  others.  Thus  we  have  in  Iowa  the 
Carboniferous  limestone  reaching  to  the  north  of  latitude 
42**  30';  while  from  this  point  it  trends  to  the  southeast,  as  is 
seen  by  following  its  outcrop  through  Iowa,  Illinois,  and 
Indiana. 

Beneath  the  Appalachian  coal  field,  I  am  not  aware  that 
the  Carboniferous  limestone  has  been  traced  far  to  the  north 
of  latitude  38'',  though  its  existence  has  been  indicated 
somewhat  farther  in  the  same  direction. 

It  is  quite  evident,  therefore,  that  a  broad  deep  sinus  has 
existed  in  the  outline  of  the  Carboniferous  limestones ;  or, 
in  other  words,  that  a  broad  extension  of  land  ( or  of  sea  too 
shallow  for  coral  reefs)  stretched  from  the  north  into  the 
ocean  of  the  Carboniferous  limestone  in  the  position  and  in 
the  direction,  very  nearly,  of  the  present  Cincinnati  axis ; 
while  on  the  west  of  that  line,  the  Lower  Carboniferous 
limestones  make  a  northerly  bend,  as  if  at  that  period  thfe 
area  of  the  present  valley  of  the  Mississippi  admitted  of  a 
more  northerly  extension  of  the  coral  reefs. 

The  high  elevation  of  the  older  strata,  and  the  inequali- 
ties of  surface  on  which  the  western  Coal  measures  rest, 
prove  conclusively  that  extensive  denudation  had  taken  place 
previous  to  the  coal  period ;  and  these  facts  should  suggest 
a  caution  in  our  conclusions  regarding  the  vast  influence  of 
modem  denudation  upon  the  surface  of  the  globe. 
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COAL  FORMATION,  on  COAL  MEASURES. 

The  inost  important  and  permanent  source  of  mineral 
wealth  in  the  State  of  Iowa  will  be  found  in  the  Coal  mea- 
sures. In  the  geological  reconnoissance  of  1855,  examinations 
were  made  along  all  that  part  of  the  series  which  outcrops 
along  the  Mississippi  river.  During  the  season  of  1856,  the 
same  formation  was  examined  throughout  the  valley  of  the 
Des  Moines  river,  by  Mr.  Wobthen,  who  followed  out  its  ex- 
tent in  a  northwesterly  direction  from  the  southern  limit  of 
the  State  to  Fort  Dodge. 

The  field  work  of  1857  has  been  divided  between  the  de- 
tailed exploration  of  the  Coal  measures  in  the  southern 
counties,  and  in  tracing  the  limits  of  the  lower  formations 
towards  the  north  line  of  the  State. 

The  narrow  area  occupied  by  the  Coal  formation  on  the 
Mississippi  river  seems  more  nearly  connected  with  the 
Illinois  coal  field  than  with  the  Iowa  coal  field,  if  we  regard 
the  two  as  distinct.  The  separation,  however,  appears  to  have 
been,  in  part,  eflFected  by  modem  denudation,  as  well  as  by 
causes,  operating  at  the  time  of  the  formation,  which  pre- 
vented the  continuity  of  the  deposition  between  the  Missis- 
sippi and  Des  Moines  rivers.  The  outliers  of  Coal  measures 
below  Leclaire,  and  thence  to  Muscatine,  are  very  clearly 
but  continuations  of  the  measures  seen  upon  the  east  side 
of  the  river,  the  valley  of  which  is  here  comparatively 
narrow.  The  vallies  of  the  Red,  Cedar  and  Iowa  rivers  have 
denuded  this  formation  from  a  broad  space,  which  separates 
these  outliers  along  the  Mississippi,  farther  from  the  coal  on 
the  west  than  from  the  same  formation  in  Illinois. 

The  coal  field  of  Illinois  differs  in  no  respect  from  that  of 
Iowa,  and  is  only  separated  from  it  by  the  valley  of  the 
Mississippi,  w:hich  is  a  valley  of  denudation ;  and  the  coal 
of  Iowa,  at  Nashville  and  below  Keokuk,  is  separated  from 
the  outcrops  on  the  Illinois  side  at  Montebello  only  by  the 
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river  channel.  It  is  quite  evident  that  the  coal  on  the  two 
sides  of  the  river  were  once  continuous  beds ;  the  strata  of 
sandstone,  shale  and  coal  corresponding  in  character  and 
thickness,  and  the  lower  coal  seam  on  one  side  agreeing  in 
all  respects  with  the  lower  coal  seam  on  the  other  side  of 
the  river. 

It  has  been  stated  that  the  course  of  the  Mississippi  river 
is  along  the  line  of  an  anticlinal  axis,  and  that  this  axis 
separates  the  two  coal  basins ;  but  we  have  not  been  able 
thns  far  to  find  evidence  of  the  existence  of  such  an  axis. 

In  descending  the  Mississippi  river,  from  the  north  line 
of  the  State,  the  Coal  measiires  first  appear  in  some  small 
outliers  below  Leclaire,  coming  down  to  the  river  level. 
The  strata  exposed  above  the  water  consist  of  sandstones, 
shales  and  argillaceous  iron  ore.  These  strata  rest  in  a  hori- 
zontal position  upon  upturned  strata  of  the  Silurian  lime- 
stones ;  and  the  outcropping  edges  of  the  latter,  on  either 
side,  are  not  due  to  faults,  but  to  the  original  condition  of 
the  beds  which  were  inclined  and  denuded  before  the  depo- 
sition of  the  shales  and  sandstones  of  the  Coal  measures. 
In  no  instance  did  we  observe  phenomena  of  this  kind  which 
could  be  attributed  to  dislocation  by  faults  of  an  origin 
subsequent  to  the  period  of  the  coal,  though  such  faults  may 
occur. 

The  relative  position  of  these  outliers  of  the  Coal  forma- 
tion below  Leclaire  are  illustrated  in  the  following  diagram. 


Fio.  6. —  Section  below  Leclaire. 


a,  a.  Silurian  limestone,  as  seen  above  the  level  of  the  river. 

h.  Coal  shales  and  sandstone,  with  argillaceous  iron  ore,  resting  horizontally  upon 
the  upraised  edges  of  the  limestone. 

[Iowa  Subvey.]  16 
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The  strata  of  Upper  Silurian  limestone  here  dip  to  the 
northwest,  as  described  in  the  preceding  pages,  under  the 
head  of  Leclaire  limestone. 

In  ordinary  stages  of  water,  the  base  of  the  shales  cannot 
be  seen,  and  at  the  time  of  this  examination  the  actual  con- 
tact was  not  visible.  In  a  similar  position  on  the  Illinois  side 
of  the  river,  I  examined  a  mass  of  coal  and  coal  shale,  hav- 
ing but  a  few  yards  of  extent,  and  resting  in  a  depression 
of  the  limestone  which  had  been  excavated  by  previous 
denudation ;  while  on  three  sides  of  uac  horizontal  layers 
of  coal  shale,  the  limestone  was  to  be  seen,  dipping  at  an 
angle  of  30°,  and  rising  above  the  level  of  those  beds,  pre- 
cisely as  seen  in  the  section  on  the  Iowa  side  of  the  river, 
only  in  a  more  extreme  degree. 

There  are  at  least  two  such  outliers  on  the  river  bank 
below  Leclaire ;  and  in  one  place  excavations  for  coal  had 
been  made,  but  judging  from  the  materials  thrown  out, 
the  experiment  was  not  successful.  Farther  back  from  the 
river  margin,  the  coal  strata  lie  at  a  higher  elevation; 
and  the  river  section  illustrates  the  relations  of  the  rocks 
below  to  the  base  of  the  formation,  the  extent  or  conditions 
of  which  cannot  of  course  be  determined  from  what  is  seen 
upon  the  surface,  or  where  no  deep  excavations  exist. 

In  a  ravine  some  distance  farther  down  the  river  than  the 
point  just  noticed,  the  relative  position  of  the  Coal  measures 
and  the  limestone  below  are  as  follows  : 


ria.7. —  Section  below  Leclaire. 


a,  a.  Axis  of  Silurian  limestone. 

h.  Shales  and  sandstones  of  the  Coal  measurec. 
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The  latter  beds  were  traced  continuously  to  within  three 
feet  of  the  limestone,  this  interval  being  obscured  by  debris. 
There  is  here  no  bending  upwards  of  the  horizontal  strata 
at  the  junction  of  the  rocks,  as  if  participating  in  the  move- 
ment which  elevated  the  limestones  below  :  ^n  the  contrary, 
there  is  the  most  satisfactory  proof  that  the  Coal  formation 
was  deposited  subsequently  to  this  elevation  of  the  lime- 
stones. 

Although  there  are  indfcations  of  the  occurrence  of  the 
Coal  formation  at  several  points  between  Leclaire  and  Da- 
venport, I  did  not  learn  that  any  workings  had  been  suc- 
cessfiilly  carried  on.  The  trial  openings  appear  to  have  been 
abandoned  without  penetrating  far  into  the  solid  strata,  and, 
indeed,  some  of  them  have  probably  reached  only  the  broken 
outcrop. 

The  indications  of  permanent  ^  workable  seams  of  coal, 
in  this  region,  can  scarcely  be  regarded  as  at  all  encouraging. 
The  original  inequalities  of  the  floor  upon  which  these  beds 
were  deposited  will  render  their  extent  and  continuity  very 
uncertain.  These  outcrops  are  also  near  the  most  northerly 
limit  of  the  coal  field,  and  lialle  to  thin  out  at  any  point, 
as  well  as  to  be  interrupted  by  the  rocks  below. 

South  of  Davenport,  in  the  vicinity  of  New-Buflfalo,  there 
are  several  openings  made  upon  the  lower  coal  seam,  and 
worked  to  a  greater  or  less  extent.  This  seam  varies  from 
li  feet  to  2i  feet  in  thickness.  Below  what  is  generally  known 
as  the  lower  coal  seam,  there  is  a  bed  of  shale,  in  which 
sometimes  occurs  a  bed  of  cannel  coal  from  1  foot  to  1^  feet 
thick.  This  is,  however,  not  constant,  and,  at  no  point  where 
I  have  examined  it,  does  it  give  promise  of  a  workable 
seam. 
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Among  the  openings  examined  in  the  lower  coal  seam 
proper,  Hall's  coal  bed  gives  the  following  sections  : 

Sandstone  and  sandy  shale. 

Goal 2ifeet. 

Fire  clay. 

A  space  of  a  few  yards  between  the  two  openings. 

Black  slaty  shale ^  This  is  a  single  mass  with  eannel  ooal 

Casnel  coal,  1^  feet    ....      >     in  the  middle,  sometimes  baooming 
Black  slaty  shale )     slate. 

Hiatus  of  a  few  feet. 

Brown  limestone,  and  grey  limestone  and  shales  of  the  Hamilton  group. 

The  actual  contact  of  the  coal  shales  and  the  limestone 
of  the  Hamilton  group  was  not  seen  at  this  place,  though 
only  a  few  feet  intervene  between  the  two  formations. 

In  a  ravine  south  of  New-Buffiklo,  the  following  section 
is  presented  : 

Lower  coal  seam IJ  feet. 

A  few  feet  where  no  rock  is  Yiaible. 
Limestone  and  shales  of  the  Hamilton  group. 

The  following  section  is  seen  at  Havil's  near  New-BufEeklo. 

Ooarse  sandstone. 

Ferruginous  shaly  sandstone        ....  8  feeU 

Shale 2  to  2^  feet. 

Slaty  eannel  coal 1  foot. 

Shale Ijifeet. 
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On  the  opposite  side  of  the  ravine  and  at  a  higher  level, 
the  following  section  is  visible : 

Clay  and  soil. 

Shale  and  olaj      ..•.;..  4  feet. 

Bitnminons  ooal 1  foot. 

Dark-colored  Band&ione Ifoot. 

Soft  shale 8  fbet. 

Fire  claj 1  foot. 

The  sandstone  imder  the  coal  contains  Stigmaria  ;  and  in 
some  places  it  becomes  argillaceous,  passing  into  an  under- 
clay. 

Continuing  up  the  same  ravine  from  the  cannel  coal  open- 
ing, and  at  a  higher  level,  there  is  an  opening  upon  the 
lower  coal  seam,  which  is  now  worked.  The  following  section 
is  visible  at  the  working : 

Black  and  shalj  sandstone 4  to  6  fbet. 

Bitnminons  ooal 2  feet  4  inches. 

Fire  clay. 

A  short  distance  down  the  ravine  below  this  point,  the 
cannel  coal  has  been  opened,  having  a  thickness  of  one  foot. 
The  relative  position  of  the  beds  is  uniformly  the  same ; 
and  the  shale  with'cannel  coal  appears  to  be  a  constant  ac- 
companiment of  what  is  known  as  the  lower  coal  seam  of 
the  Iowa  and  Illinois  Coal  measures. 

From  all  the  examinations  made  in  this  region,  no  evi- 
dence was  obtained  of  the  second  coal  seam.  There  are  sel- 
dom more  than  twenty  or  thirty  feet  of  strata  above  the 
lower  seam,  and  often  less;  while  the  second  seam  lies  some 
seventy  or  eighty  feet  higher  than  the  first. 
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Between  Pine  creek  and  Fairport  there  are  several  coal 
workings  at  considerable  elevation  above  the  river  level. 
Three  miles  below  Fairport  the  coal  shales  and  sandstones 
are  at  the  river  level,  rising  in  a  bluff  of  thirty  to  forty  feet; 
and  from  this,  receding  twenty  to  forty  yards,  is  a  second 
escarpment  of  equal  elevation,  making  the  whole  thick- 
ness at  this  place  eighty  feet  or  more. 

At  Muscatine  the  sandstones  and  shales  of  the  Coal  for- 
mations are  exposed  in  the  railroad  cutting,  a  short  distance 
below  the  town.  The  entire  thickness  of  the  strata  is  about 
sixty  or  seventy  feet  from  the  river  level  to  the  summit. 

The  series  at  this  place  is  very  interesting,  showing  the 
variable  character  of  the  beds  exposed  along  the  excavation 
for  the  railroad.  At  one  point  the  vertical  section  presents 
the  following  : 

Thin-bedded  sandstone  with  shaly  layers 10  feet. 

Massive  sandstone  with  large  concretions     .     •     ,     .     .     10  feet. 

Seam  of  coal  or  shalj  coal  with  onderclay       ....       4  feet. 

Shaly  sandstone  with  shaly  partings,  more  shaly  in  the 
lower  part 8^  feet. 

Thin-bedded  sandstone  with  shaly  partings      ....       5  feet. 

Heavy-bedded  sandstone 6  feet. 

Green  shale 3  feet. 

Distance  to  level  of  river  (covered ) 18  or  20ft. 

A  little  farther  to  the  northward,  the  coal  seam  has  en- 
tirely thinned  out ;  and  the  sandstone  above  and  below  it 
come  together,  occupying  a  thickness  of  twenty  feet,  and 
diagonally  laminated  throughout. 

The  strata  present  evidence  of  contrary  currents,  and 
there  is  a  much  larger  proportion  of  arenaceous  matter  than 
is  usual  in  the  lower  part  of  the  Coal  measures.  The  con- 
ditions here  observed  dp  not  indicate,  with  any  degree  of 
certainty,  a  large  amount  of  workable  coal. 
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From  the  direction  and  dip  of  the  strata  bfilow  the  coal, 
and  from  all  other  evidence  which  could  be  obtained,  it  seems 
very  well  determined  that  the  Coal  measures,  exposed  from 
below  Leclaire  to  Muscatine,  occupy  a  narrow  belt  along  the 
river,  never  extending  far  to  the  westward,  and  cut  oflf  to- 
wards the  south  by  the  valley  of  the  Iowa  river. 

This  narrow  belt  of  Coal  measures,  as  has  been  shown, 
rests,  towards  its  northern  limits,  upon  the  Silurian  limestone, 
often  filling  depressions  in  the  surface  of  the  rock  which 
appear  to  have  been  worn  by  ancient  denudation.  Farther 
south,  it  rests  unconformably  upon  the  lowest  Devonian 
limestone,  and  in  many  places  upon  the  Hamilton  group, 
while  the  localities  at  and  below  Pine  creek  are  upon  the 
Chemung  group.  There  are  also  one  or  two  outliers  resting 
upon  the  Burlington  limestone  at  some  distance  from  the 
river;  and,  finally,  those  of  Nashville  and  below  Keokuk  rest 
on  the  St.  Louis  limestone,  which  is  the  highest  member  of 
the  Lower  Carboniferous  limestones  known  in  Iowa.  Farther 
to  the  south,  the  Coal  measures  rest  upon  the  ferruginous 
sandstone;  and  still  farther  in  the  same  direction,  upon  a 
higher  member  of  the  Carboniferous  limestone  series,  the 
Kaskaskia  limestone. 

In  Illinois,  the  Coal  measures  in  some  places  lie  uncon- 
formably upon  the  Lower  Silurian  rocks,  as  the  Trenton 
limestone  and  Calciferous  sandstone.  Thus  we  have  Coal 
measure  rocks  resting  directly  and  unconformably  upon  strata 
of  the  Lower  Silurian,  Upper  Silurian,  Devonian,  and  Car- 
boniferous limestone  periods,  as  shown  in  the  following  dia- 
gram*: 

•  We  have  heretofore  had  information  showing  that  some  one  or  more  small  outliers 
of  coal  occur  in  the  State  of  Wisconsin;  and  Mr.  S.  W.  Hill  of  Eagle  Harbor,  Lake 
Superior,  has  lately  informed  me  that  he  has  examined  an  outlier  of  this  character  near 
Janesville  in  that  State. 
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Under  these  circumstances,  we  might  expect  to  discover 
evidences  of  the  ancient  denudation  still  more  palpable  than 
these  inequalities  of  surface  filled  with  coal  strata*  Never- 
theless, although  the  range  of  subjacent  rocks  is  so  extensive, 
they  are  chiefly  such  as  cannot  long  withstand  the  wearing 
action ;  and  the  sandstones  are  so  friable  that  they  would 
scarcely  produce  pebbles  or  conglomerates. 

Beyond  these  inequalities  of  surface  there  are  cavities  in 
the  limestone  of  the  Upper  Helderberg  period,  which  are 
filled  with  greenish-gray  clay,  like  the  underclay  of  coal 
seams.  These  are  so  numerous  and  decided  in  their  character, 
as  to  leave  no  doubt  that  they  are  ancient  enlarged  fissures 
and  cavernous  openings  made  by  running  water  and  after- 
wards filled  with  clay,  during  the  deposition  of  the  Coal 
measures.  One  of  the  most  remarkable  exhibitions  of  this 
kind  occurs  in  the  vertical  face  of  a  quarry  at  Rock  island. 
The  strata  consists  of  shales  and  shaly  limestones  of  the 
Hamilton  group,  and  some  beds  of  the  limestone  of  the  Up- 
per Helderberg.  The  surface  of  the  rock  beneath  the  super- 
incumbent soil  presents  a  depression  which  deepens  into  a 
broad  funnel-shaped  cavity,  gradually  narrowing  below  till 
within  ten  feet  of  the  bottom,  when  it  spreads  out  on  one 
side  with  an  irregularly  arching  roof  and  an  unequal  floor. 
It  is  filled  from  top  to  bottom  with  hard  clay,  similar  to  the 
underclay  of  coal  seams.  At  the  top  of  the  funnel,  this  clay 
is  of  a  reddish-brown  color,  due  to  the  infiltration  from  the 
ferruginous  soil  above ;  but  below  it  soon  becomes  of  the 
ordinary  gray  color.  The  laminations  of  this  clay  conform  to 
the  curvatures  and  irregularities  of  the  roof  and  floor  of  the 
ancient  cavern,  and  exhibit  the  appearance  of  having  flowed 
in  while  in  a  semifluid  condition,  while  the  hydrostatic  pres- 
sure of  the  mass  above,  acting  through  the  deep  funnel,  had 
forced  the  soft  mass  againt  the  walls  and  roof  of  the  cavity, 
causing  it  to  assume  in  its  lamination  the  same  contour. 

[  Iowa  Survey.]  17 
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In  the  midst  of  this  clay  was  the  impression  of  a  large 
EuomphaluSf  distinct  from  any  known  in  the  surromiding 
rock,  and  very  similar  to  a  carboniferous  form.  The  shell 
itself  was  not  seen  :  with  this  exception,  no  remains  of  fos- 
sils were  observed  in  the  clay  at  this  locality. 

The  following  diagram  illustrates  the  cavity  described 
above  :  its  extension  to  the  left  had  been  cut  off  in  quarrying 
at  the  time  of  the  examination. 


FiQ.  9.— Section  at  Rock  island. 


a,  a.  limestone  of  Devonian  age. 

6,  h,  Ash<«olered  day,  like  the  underday  of  coal  seams. 

e,  e.  Gravel  and  yellowish  loam. 

The  conclusion  seems,  therefore,  irresistible,  that  subse- 
quent to  the  uplifting  of  these  rocks,  the  denudation  of  their 
surfaces  and  the  wearing  into  caverns,  the  materials  of  the 
Coal  measures  were  deposited,  filling  these  cavities,  and 
resting  in  successive  members  upon  the  surface  of  the  older 
rocks. 
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If  anything  were  wanting  to  complete  the  chain  of  facts, 
and  carry  the  most  conclusive  evidence,  it  is  found  in  a  sec- 
tion near  Iowa  city ;  where,  in  a  cliff  of  limestone  of  the 
Hamilton  group,  we  have  the  following  phenomena.  Between 
beds  of  nearly  horizontal  limestone,  appears  a  black  band 
extending  thirty  or  forty  feet  :  this  consists  of  black  carbo- 
naceous mud,  the  upper  part  having  the  character  of  cannel 
coal,  and  the  lower  part  a  slaty  carbonaceous  shale.  Beneath 
this,  and  less  extended,  a  thicker  layer  of  clay  precisely 
like  that  which  is  found  in  the  cavities  before  described, 
and  of  the  character  of  underclay,  fills  the  upper  and 
broader  part  of  the  cavity ;  while  below  this,  and  occupying 
the  deepest  parts,  is  a  coarse  sandstone,  which  follows,  in  its 
lines  of  lamination,  the  curvatures  of  the  limestone  upon 
which  it  lies. 

The  following  diagram  illustrates  this  description  : 

Fio.  10. —  Section  near  Iowa  city. 


a,  a,  limestone  of  Deyonian  age. 

6,  b.  Coarse  sandstone  in  curred  lamin». 

c,  c.  Ash-colored  and  greenish  underclaj. 

d,  d.  Coal  seam;  the  lower  part  shaly,  and  containing  fish  teeth. 

Here  we  have  all  the  phenomena  attending  a  true  Coal 
measure  seam  of  coal  :  the  sandstone,  the  underclay,  and  the 
coal  seam  resting  upon  it ;  and  to  complete  the  analogy,  the 
^slaty  portion  of  the  seam  contains  fish  teeth  of  carboniferous 
character.  All  this  is  enclosed  in  limestone,  which,  in  the 
State  of  New- York,  where  the  series  is  more  complete,  lies 
at  a  depth  of  more  than  five  thousand  feet  below  the  Coal 
measures. 
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The  explanation  is  obvious.  This  instance  C(»Tesponds 
with  the  preceding,  being  only  a  little  more  complete  in  its 
series  of  members,  while  the  apertm*e  of  admission  is  not 
visible  in  the  exposure.  The  coarse  and  fine  sand  were  first 
transported,  and,  entering  some  fissure  in  the  rock,  continued 
in  deposition  in  this  cavity,  while  a  bed  of  similar  sandstone 
was  being  formed  outside  and  upon  the  bottom  of  the  sea. 
This  ceased,  and  then  came  the  clay,  which  was  continued  in 
like  manner,  while  the  underclay  of  an  exterior  coal  bed 
was'  in  process  of  deposition.  Lastly,  the  carboniferous  mud, 
derived  from  the  materials  of  a  coal  seam,  was  filtered 
.through  the  fissure,  filling  the  remaining  space,  and  spread 
out  in  the  narrow  seam  beyond. 

There  is  no  mingling  of  the  materials,  as  if  resulting  from 
the  breaking  up  of  a  coal  seam  at  a  later  and  modem  period. 
Every  part  is  as  distinct  as  in  the  Coal  measures  elsewhere  j 
and  this  could  only  have  resulted  from  a  participation  in 
the  causes  then  operating  to  produce  those  extensive  beds 
of  sand,  clay,  shale  and  coal  which  make  up  the  Coal  mea- 
sures*. 

It  must  be  observed,  also,  that  this  point  is  near  the  north- 
eastern margin  of  the. coal  basin,  and  beyond  the  limits  of 
any  known  productive  coal  seams ;  a  few  isolated  patches 
of  sandstone  and  shale  being  all  the  remaining  evidences  of 
the  extension  of  the  series  in  that  vicinity. 

An  example  of  the  outlying  Coal-measure  sandstones, 
without  visible  coal  seams,  may  be  seen  in  a  quarry  on  the 
river  above  Iowa  city,  lying  apparently  in  a  valley  of  de- 
nudation in  the  Devonian  limestone.  The  phenomena  might 
indicate  the  existence  of  a  fault,  by  which  the  higher  rocks 
are  thrown ;  but  from  similar  examples  we  infer  that  it  is 

*  The  flssares  and  cavertus  occnpied  bj  the  lead  ores  in  Iowa,  Wisconsin,  Illinois  and 
Missouri,  are  apparently  of  similar  character  and  origin;  the  period  of  their  il»rm«tioii, 
and  the  manner  in  which  they  hare  been  filled  with  the  snlphurets  of  iron,  zinc  and 
lead,  being  a  subject  for  discussion  and  iuTestigation. 
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due   to  denudation  of  the  limestone,  and  the  subsequent 
deposition  of  the  shaly  sandstones. 

Fio.  11. —  Section  near  Iowa  city. 


a,  a.  limestone  of  Devonian  age. 

h.  Shalj  sandstones  of  the  Coal  measnms  :  about  thirty  feet  exposed. 

This  unconfonnability  of  the  Coal  measures  in  Iowa  to 
the  strata  below,  renders  it  the  more  difficult  and  laborious 
to  follow  out  and  determine  the  boundaries  of  the  workable 
coal  beds.  The  formation,  in  its  general  direction  and  out- 
crop, does  not  correspond  to  the  general  direction  of  the 
inferior  groups,  nor  has  it  participated  in  the  great 
movements  which  disturbed,  and  elevated  those  lower 
strata  :  consequently  no  outline  of  any  one  of  these,  how- 
ever carefully  traced,  will  aid  in  determining  the  limits  of 
the  Coal  formation.  Its  outcrop  may  lie  transversely  or  ir- 
regularly across  the  outcrop  of  one  or  several  of  the  forma- 
tions below  ;  and  it  will  require  much  time,  and  patient  in- 
vestigation, to  determine  accurately  the  limits  of  the  outliers 
which  occupy  circumscribed  areas  of  depression  or  ine- 
qualities in  the  surface  of  the  older  rocks.  For  the  same 
reason  it  becomes  more  important  that  the  Coal  formation 
be  made  a  special  object  of  investigation,  and  its  limits  ac- 
curately determined  and  defined. 

It  will  probably  be  found  that  towards  the  northern  mar- 
gin, the  measures  are  barren  of  workable  coal  seams,  while . 
other  indications  of  coal  may  exist.  From  these  circumstan- 
ces, and  from  the  nature  of  the  country,  which  is  deeply 
covered  with  drift  and  later  deposits,  examinations  will  be 
more  satisfactorily  carried  on  from  the  central  or  southern 
part  towards  the  northern  and  northwestern  margins,  by 
following  up  the  channels  of  the  streams  in  that  direc- 
tion. 
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In  concluding  this  sketch  of  the  Palaeozoic  formations  of 
Iowa  and  the  Upper  Mississippi  valley,  it  becomes  necessary 
to  notice  the  occurrence  of  the  important  limestone  forma- 
tion every  where  associated  with  the  Coal  measures  of  the 
West. 

In  Northern  Ohio  (  and  probably  extending  into  Pennsyl- 
vania) there  are  thin  bands  of  limestone  associated  with  the 
Coal  measures.  In  several  localities  examined,  these  beds  are 
more  or  less  shaly  in  character,  often  separated  by  wide 
vertical  joints,  and  weathering  to  a  brown  or  greyish-brown 
color.  These  calcareous  and  shaly  beds  are  always  highly 
fossiliferous. 

In  Southeastern  Ohio,  and  the  ac^'acent  parts  of  Virginia 
and  Pennsylvania,  fossils  similar  to  those  characterizing  the 
calcareous  bands  of  that  part  of  the  series  regarded  as  the 
Lower  Coal  measures,  mark  the  Siliceous  or  Buhrstone  for- 
mation of  the  central  portion  of  the  Coal  measures,  and  also 
the  shaly  calcareous  beds  in  the  same  position.  Although 
recognized  at  numerous  points,  I  am  not  aware  that  these  beds 
have  been  regarded  as  parts  of  a  continuous  formation,  or 
that  their  position  in  the  eastern  coal  fields  is  known  to  be 
constant. 

A  comparison  of  fossils  from  numerous  localities  in  the  Coal 
measures  of  the  West  show  very  conclusively  that  one  or 
more  of  these  limestone  bands  are  continuous ;  or,  at  least, 
that  the  same  association  of  fossil  species  occurs  at  so  many 
points,  as  to  leave  no  doubt  of  a  similarity  in  the  conditions 
of  the  ocean  bed  over  a  wide  area  now  occupied  by  the  Coal 
measures. 

Drawing  onr  conclusions  from  the  occurrence  of  the  same 
species  of  fossils,  and  from  the  constancy  of  their  association, 
we  infer  that  one  of  these  bands  of  limestones  exists  over 
a  large  area  in  Northern,  and  Northeastern  Ohio,  and  that 
the  same  can  be  recognized  on  the  west  side  of  the  Cincin- 
nati axis,  and  traced  through  Indiana,  Illinois,  Iowa,  Ne- 
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braska,  Missouri,  and  E^ansas,  every  where  marked  by  the 
same  species  of  fossils. 

Limestones  of  the  character  here  described,  and  contain- 
ing the  same  association  of  fossil  species,  are  largely  de- 
veloped on  the  Missouri  river  and  other  places  within  the 
State  of  Missouri.  In  his  Geological  Report  of  1856,  Prof. 
Swallow  has  placed  these  fossiliferous  limestones  and  calca- 
reous shales  in  the  Upper  Coal  measures,  and  has  shown 
them  to  have  a  much  greater  development  than  in  any  of 
the  more  eastern  localities.  In  the  cliffs  at  Weston,  Missouri, 
he  has  given  a  section  of  limestone  bands,  shale  and  marl, 
with  some  thin  bands  of  sandstone  and  seams  of  coal,  alto- 
gether of  more  than  two  hundred  feet.  From  these  facts,  and 
from  others  derived  from  Illinois  and  Iowa,  it  appears  that 
there  is  a  constant  increase  in  the  thickness  and  importance 
of  these  calcareous  formations  of  the  Coal  measures  as  we 
pass  westward ;  while  there  is  a  palpable  diminution  in  the 
thickness  of  the  sedimentary  portions,  or  the  shales  and 
sandstones  of  the  same  formation.  Measurements  made  at 
numerous  points,  over  a  large  part  of  the  western  coal  field, 
show  altogether  scarcely  more  than  one-tenth  of  the  thick- 
ness of  the  Coal  measures  of  Pennsylvania,  and  in  many 
places  they  are  even  less  than  in  this  proportion"*^.  We  must, 
therefore,  be  prepared  to  find  ultimately  that  the  Coal  mea- 
sures, or  at  least  the  productive  portions  of  that  formation, 
thin  out  in  great  part  or  entirely  in  that  direction ;  while 
the  calcareous  portions,  which  are  of  marine  origin,  will  be 
found  increasing  in  force. 

The  prevailing  fossil  species  which  mark  the  occurrence 

*  Prof.  H.  D.  B00SB8  estimates  the  Goal  formation  of  Pennsylyania  at  6760?  feet,  and 
the  underlying  conglomerate  at  1400  feet;  while  Prof.  Swallow,  in  his  Geological  Re- 
port of  Missouri,  has  given  640  feet  as.the  thickness  of  the  Coal  measures.  In  Iowa,  no 
measurements  have  yet  reached  five  hundred  feet.  Therefore  reducing  our  estimate  of 
the  eastern  measures  to  5000  feet,  the  western  measurements  give  only  ahout  one-tenth 
to  one-eighth.  It  is  quite  prohable,  howeyer,  that  we  shaU  yet  find  a  greater  thickness 
in  some  portions  of  the  western  coal  field,  though  we  can  scarcely  expect  one  thousand 
eet  in  those  portions  examined. 
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of  these  calcareous  bands  are  Spirifer  cameratusj  S.  Uneatus, 
Terebratula  subtilita^  T.  millepunctatay  Produdus  rogersi^  P. 
semireticulatusy  Allorisma  and  other  fossils.  These  species  are 
almost  always  associated  in  the  localities  examined  over  the 
wide  area  where  this  formation  extends.  In  all  the  collec- 
tions of  Carboniferous  fossils  brought  from  the  far  west  by 
several  exploring  expeditions  :  those  made  by  Capt.  Stans- 
BURY  in  his  route  to  the  Great  Salt  Lake ;  by  the  Pacific 
Railroad  explorations  and  surveys,  by  the  United  States  and 
Mexican  boundary  surveys,  by  Dr.  Rcemeb  from  Texas,  and 
from  other  sources,  all  or  several  of  the  species  cited  above, 
as  well  as  others,  have  been  identified.  At  the  same  time  all 
the  collections  which  have  &llen  under  my  observation  have 
not  afforded  any  characteristic  species  of  the  Lower  Carbo- 
niferous limestones,  or  from  those  of  the  age  of  the  lime- 
stones of  the  Mississippi  valley,  previously  described.  Not- 
withstanding, therefore,  that  the  Lower  Carboniferous  lime- 
stone has  been  cited  as  occurring  in  the  region  of  the  Rocky 
mountain  range,  there  appears  thus  far  no  evidences  of  its 
existence  in  that  region*". 

From  a  comparison  of  the  fossils,  we  must  conclude  that 
the  great  limestone  formations  which  are  known  at  numerous 
intervals,  and  extending  for  long  distances  continuously  in 
the  Rocky  mountains,  and  which  extend  not  only  from  the 
northern  limits  of  the  United  States,  but  from  the  shores  of 
the  Great  Northern  Ocean  to  the  Gulf  of  Mexico,  are  of  the 
same  age,  and  are  parts  of  the  same  formation  which  in  the 
Coal  measures  of  Ohio  is  marked  by  a  band  of  limestone  of 
a  few  feet  in  thickness. 


*  The  Productut  semiretieulatu$,  and  a  few  others  which  are  species  known  to  have  a 
wide  geographical  range,  have  been  brought,  with  other  fossils  characteristic  of  the  . 
higher  Carboniferous  limestones,  from  some  localities  near  the  Rocky  mountains.  This 
fact  shows  that  these  species  have  a  greater  geological  range  than  most  of  the  Lower 
^Carboniferous  forms,  or  that  the  Lower  Carboniferous  strata  occur  in  the  same  neighbor- 
hood. The  same  species  have  also  been  cited,  on  good  authority,  as  occurring  in  the  Coal 
measures. 
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The  limestone  of  the  Rocky  mountains  is  represented  by 
Capt.  Stansbury,  and  others,  as  forming  the  greater  part  of 
mountain  ranges  which  have  an  elevation  of  three  thousand 
feet  above  the  plain;  and  similar  observations  have  been  made 
along  the  line  of  the  Boundary  Survey  in  Mexico.  This  lime- 
stone, which  has  been  identified  by  its  fossils  as  occurring 
near  Fort  Laramie  and  in  the  neighborhood  of  Great  Salt 
lake,  is  known  in  like  manner  from  collections  made  near 
Santa  Fe,  New-Mexico  j  at  the  Pecos  village ;  the  MogoUan 
mountains ;  at  £1  Paso  on  the  river  San  Pedro ;  and  in  the 
Guadaloupe  mountains,  and  other  localities  :  and  from  the 
massiveness  and  compact  texture  of  many  specimens,  and 
the  subcrystalline  character  of  others  from  the  southwest, 
we  are  prepared  to  find  that  this  rock  has  become  much 
more  extensively  developed  in  that  direction.  The  shaly  beds 
which  accompany  the  limestone  in  the  more  northern  and 
eastern  localities,  and  are  there  often  more  conspicuous  than 
the  limestone  itself,  have  so  far  diminished  that  they  form 
no  striking  feature  in  the  topography  of  the  region.  We  have 
no  information  that  coal  has  been  found  in  this  connexion ; 
and  it  is  probable  that  both  the  coal  and  the  shaly  and  are- 
naceous materials  associated  with  it  have  thinned  out  in  that 
direction,  or  become  of  such  tenuity  as  to  be  of  no  importance. 

In  connexion  with  the  description  of  these  formations,  may 
properly  be  introduced  the  following  remarks  on  the  same 
subject*. 

**  The  relations  of  this  limestone  to  the  Lower  Coal  mea- 
sures, in  the  States  bordering  the  Mississippi  river,  render 
its  occurrence  a  subject  of  interesting  economical  enquiry. 
Since  we  know  that  the  most  extensive  and  valuable  beds 
of  coal  in  the  West  are  of  the  Lower  Coal  measures  which 
lie  beneath  the  upper  limestone,  they  may  still  be  found  to 

*  Report  on  the  Geology  and  Pftlasontology  of  the  Mexican  Boundary  Surrey,  by 
J^MBs  Hall,  p.  124. 

[Iowa  Subvit.]  18 
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underlie  the  Carboniferous  limestone  of  the  Rocky  mountains, 
as  they  do  the  same  limestone  in  Kansas,  Missouri,  Iowa, 
Illinois  and  Indiana.  Thus  &x  I  am  not  aware  that  any  in- 
quiries of  this  kind  have  been  instituted  in  the  explorations 
and  surreys  already  made. 

'^  Having  thus  briefly  described  the  range  of  the  Upper 
Carboniferous  limestone,  we  may  now  take  a  comprehensive 
view  of  its  conditions  and  extent.  We  find  that  during  the 
Coal  period;  in  the  States  east  of  the  Mississippi  river,  thin 
strata  of  limestone,  or  calcareous  shale,  were  deposited. 
These  are  charged  with  brachiopoda  of  genera  characterizing 
the  Carboniferous  limestone  below  the  Coal  measures,  but 
of  species  which  are,  for  the  most  part,  distinct  and  peculiar. 
So  thin  and  insignificant  is  this  formation,  that  we  can 
scarcely  regard  it  as  the  product  of  a  wide  and  deep  ocean. 
Tracing  it  westward,  however,  its  importance  increases,  and 
from  being  entirely  subordinate  to  the  Coal  measures  proper, 
it  becomes  a  characteristic  mass  ;  the  calcareous  mud  min- 
gles with  the  coal,  and  the  latter  becomes  subordinate  to  the 
limestone  and  calcareous  shales.  Still  farther  west  it  is  a  vast 
limestone  formation,  next  in  importance  to  the  great  calca- 
reous formation  below  the  coal,  or  Lower  Carboniferous  lime- 
stone. 

<^  The  conditions  &vorabIe  to  the  production  of  an  exten- 
sive deposit  of  marine  limestone  are  not*  such  as  usually 
accompany  the  production  of  coal.  In  the  present  instance, 
the  ocean,  depositing  the  great  limestone  formations  previ- 
ous to  the  Coal  period,  occupied  to  a  great  extent  the  present 
area  of  the  Coal  measures  which  succeeded  in  the  valley  of 
the  Mississippi.  Land  plants  in  excessive  growth,  estuary  or 
shallow- water  shells,  attend  the  production  of  coal  and  its 
associated  strata.  We  begin  thus  to  comprehend  the  truth, 
that  during  the  period  of  the  great  Coal  formations  of  the 
West,  in  which  these  calcareous  deposits  were  in  course  of 
formation — that  during  the  oscillations  which  we  know  to 
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have  occurred  throughout  the  Coal  period,  there  was  a  time 
when  the  v^hole  area  became  depressed  so  as  to  allow  the 
waters  of  the  western  ocean  to  flow  over  all  the  Coal-measure 
region,  or,  at  least,  as  far  northward  and  eastward  as  the 
northeastern  part  of  Ohio ;  and  from  hence  is  derived  the 
limestone  under  consideration.  The  calcareous  bands  de- 
posited along  the  northeastern  margin  of  this  ocean  we  now 
find  interstratified  with  seams  of  coal,  and  beds  of  shale 
and  sandstone  containing  land  plants ;  while,  as  the  waters 
deepened  towards  the  west  and  southwest,  the  formation 
exhibits  the  differences  of  character  which  we  would  ne- 
cessarily expect  to  find  in  an  ocean  deposit. 

"  The  evidences  of  the  existence  of  this  ocean  in  the  far 
west  and  southwest  during  the  Coal  period  amount  to  al- 
most a  proof  that  the  conditions  of  that  area,  which  now 
constitutes  a  part  of  the  continent,  were  never  such  as  to 
admit  of  the  production  of  coal  plants  and  the  deposition  of 
such  materials  as  make  up  the  coal  measures,  at  least  during 
the  latter  part  of  the  Coal  period.  In  regard  to  the  earlier 
part  of  that  period,  or  the  time  in  which  the  lower  coal 
measures  were  formed,  we  have  not,  at  present,  as  I  conceive, 
the  means  of  fully  deciding  what  were  the  conditions  in  the 
central  and  soutwestern  part  of  our  continent." 

These  facts,  the  result  of  so  many  observations,  and  coin- 
cident over  so  vast  an  area  in  the  west,  confirm  conclusions 
drawn  from  other  sources,  that  the  dry  land  and  land  plants 
first  appeared  in  the  eastern  part  of  the  continent.  Indeed 
we  have  good  reason  to  believe  that  dry  land  existed  in 
proximity  to  our  present  continent  on  the  east  from  the 
earliest  geological  time,  as  shown  in  the  vast  accumulation 
of  materials  in  the  Laurentian  and  Huronian  periods. 

The  Potsdam  sandstone,  it  is  true,  seems  to  be  almost 
equally  spread  out  over  the  entire  breadth  of  the  country, 
from  the  slopes  of  the  Eocky  mountain?,  to  the  Atlantic ; 
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and  judging  from  its  augmenting  thickness  in  many  western 
localities,  we  may  expect  to  find  it,  either  in  its  normal 
condition  or  as  a  metamorphic  rock,  strongly  developed  in 
some  parts  of  the  Rocky  mountains*.  Subsequent  to  this 
period,  however,  every  sedimentary  formation  indicates  the 
proximity  of  land  on  the  east.  The  great  thickness  of  strata, 
coarse  materials,  and  numerous  fucoids  of  the  Hudson-river 
group  in  its  eastern  extension,  indicate  proximity  to  land,  or 
the  course  of  strong  currents ;  while  in  the  west  the  forma- 
tion dies  out  in  some  inconspicuous  fine  shaly  and  calcareous 
beds,  which,  both  in  the  nature  and  condition  of  the  material 
and  in  the  fossil  contents,  indicate  great  distance  from  land 
and  a  quiet  ocean.  The  Clinton  group,  in  like  manner,  in  its 
coarse  materials  and  abundant  fucoids,  points  to  a  littoral 
condition  of  its  area  of  deposition  in  the  east;  while  it 
gradually  diminishes  in  its  westerd  extension,  and  is  finally 
altogether  lost  in  that  direction. 

In  the  sedimentary  rocks  of  the  Devonian  period,  including 
the  Hamilton,  Portage,  Chemung  and  Catskill  mountain 
groups,  we  find  in  Canada  and  Eastern  New- York  the  first 
appearance  of  land  plantB,  some  of  which  closely  resemble 
plants  of  the  Coal  period ;  and  it  was  at  that  time  that  this 
peculiar  vegetation  began  its  existence  on  this  continent, 
where  we  now  find  its  remains  in  strata  of  these  several 
groups. 

Notwithstanding  this  great  accumulation  of  land-derived 
material  with  its  marine  shells,  gradually  decreasing  west- 
ward as  calcareous  deposits  increase  —  its  numerous  fucoids 
and  land  plants,  the  whole  series  has  diminished  to  less  than 
two  hundred  feet  of  marine  sedimentary  deposits  in  the 
Mississippi  valley,  and  is  there  marked  by  marine  fossils 
only. 

We  cannot  expect  that  the  Coal  formation,  with  its  land- 
derived  materials  and  its  abundant  land  plants — far  more 

*  See  Note  on  page  145. 
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abundant  in  the  east  than  in  the  west  —  will  prove  an  ex- 
ception to  this  general  rule ;  and  when  we  find  that  these 
strata  have  a  thickness  of  more  than  fourteen  thousand  feet 
in  Nova-Scotia,  according  to  the  measurements  of  Sir  W.  E. 
Logan  ;  that  the  productive  coal  measures  in  Cape-Breton 
are  estimated  by  Mr.  Brown  to  exceed  ten  thousand  feet ; 
and  that  in  Pennsylvania,  the  coal  measures,  including  the 
conglomerate,  may  be  about  eight  thousand  feet,  and  in  the 
Mississippi  valley  one  thousand  feet,  we  are  forced  to  the 
conclusion  already  suggested  of  the  ultimate  disappearance 
of  the  Coal  measures  in  that  direction. 

It  would  therefore  appear,  that  from  the  earliest  Silurian 
times,  the  Great  West,  or  the  region  of  the  Rocky  Mountains, 
has  been  an  ocean,  which  successively  received  the  finer  se^ 
diments  derived  from  eastern  lands,  or  which  produced  within 
its  own  area  the  calcareous  deposits,  but  ever  an  ocean,  not 
only  to  the  close  of  the  Carboniferous  period,  but  still  later 
through  the  Permian,  Jurassic  and  Cretaceous  periods ; 
showing  apparently  no  evidences  of  dry  land  till  about  the 
beginning  of  the  Cretaceous  era,  or  perhaps  a  little  earlier ; 
while  in  later  Tertiary  periods,  the  continental  fauna  and 
flora  have  been  remarkably  developed  over  the  same  area. 

Thus  while  the  older  Palaeozoic  formations  have  been 
largely  accumulated  in  the  east,  in  successive  beds,  having 
altogether  a  thickness  of  several  times  the  height  of  our 
highest  mountains,  they  have  greatly  diminished  in  the  west. 
At  the  same  time,  while  the  Post-palaaozoic  formations  are 
very  thin  or  often  absent  in  the  east,  they  have  accumulated 
in  vast  amount  along  the  line  of  the  Rocky  mountains,  from 
one  end  of  the  continent  to  the  other. 
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SUPRA-CARBONIFEROUS  FORMATIONS  OF  IOWA. 

Although  there  have  been  no  careful  examinations  in  the 
western  part  of  the  State  of  Iowa,  we  are  nevertheless  pre- 
pared from  previous  information  to  find  geological  formations 
of  newer  date  than  the  Coal  period*. 

The  Gypsum  beds  of  the  Des  Moines  valley,  which  are 
placed  by  Dr.  Owen  in  the  Coal  measures,  appear,  from  some 
examinations  already  made,  to  be  but  doubtfully  connected 
with  that  formation,  and  to  hold  a  position  intermediate  to 
that  and  the  Cretaceous  formation  above. 

In  the  early  part  of  1857,  Mr.  Worthen  placed  in  the  hands 
of  the  writer  some  peculiar  fossils,  collected  several  years 
since  in  Illinois,  and  supposed  to  be  from  the  Coal  measures. 
These,  however,  were  at  once  recognized  as  of  peculiar  forms 
differing  from  Coal-measure  fossils  ;  and  a  farther  examina- 
tion proves  them  to  be  of  Permian  types,  and  closely  allied 
to  British  speciesf .  From  these  and  other  facts,  we  infer  the 
existence  of  the  Permian  system  in  the  southeastern  part 
of  Illinois,  while  we  have  also  some  evidence  of  the  occur- 
rence in  Western  Iowa  of  the  same  formation,  with  which 
we  have  reasons  to  suppose  the  gypsum  beds  are  intimately 
related.  These  facts  increase  the  interest  of  geological  in- 
vestigations in  the  west,  and   show  the  existence  of  the 

*  The  occurrence  of  the  Cretaceous  formation  in  Iowa  and  the  adjoining  territories  had 
been  made  known  by  the  previous  explorations  of  several  parties,  and  is  shown  upon  the 
geological  map  accompanying  the  Report  of  Dr.  D.  D.  Owen  as  low  down  on  the  Missouri 
as  the  mouth  of  Sioux  river  (  Memoirs  of  the  American  Academy  of  Arts  and  Sciences, 
Vol.  V,  New  series;  Geological  Report  of  the  United  States  and  Mexican  Boundary  Sur- 
vey). See  also  Silliman's  American  Journal  of  Science  and  Arts,  Vol.  xxiv,  2d  series, 
July  1857;  and  Proceedings  of  the  Academy  of  Natural  Sciences,  Philadelphia,  etc.,  for 
Notices  of  the  Cretaceous  strata  of  the  United  States. 

t  They  are  of  the  Genera  Pleurophonu^  MyiiluSf  Monoiit,  and  Pecten.  A  farther 
notice  of  these  fossils  will  be  found  under  the  head  of  Palaeontology  in  the  subsequent 
pages  of  this  Report. 
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entire  PalaBozoic  series  in  this  discoverj  of  its  most  recent 
member*. 

We  have  not  yet  sufficient  knowledge  of  the  relations  be- 
tween the  beds  containing  Permian  fossils  and  those  of  the 
Carboniferous  period,  to  speak  with  certainty  of  the  charac- 
ter of  this  sequence,  er  whether  the  two  are  conformable 
with  each  other  in  their  stratification,  though  we  infer  a 
want  of  conformity. 

The  higher  beds  of  the  Coal  measure-limestones  are  some- 
times of  a  reddish  or  brownish  color,  corresponding  in  this 
respect  to  the  limestone  mentioned  by  Mr.  Salter  as  brought 
from  Albert  land,  in  North  latitude  78"";  and  we  infer  from 
the  fossils  cited  as  occurring  in  this  and  other  northern  lo- 
calities, that  the  limestone  there  termed  ^^Carboniferous 
limestone"  is  in  truth  a  continuation  of  the  limestone  of  the 
Rocky  mountains,  or  the  Carboniferous  limestone  of  the 
Coal-measure  epoch.  This  limestone,  in  its  more  northern 
localities,  presents  in  its  higher  beds  much  variation  in  color 
and  texture  ;  and  we  shall  not  be  surprised  to  find  a  close 
similarity  of  character,  if  not  an  absolute  continuity,  between 
the  beds  of  Carboniferous  age  below  and  the  Permian  above. 
The  Illinois  fossils  referred  to  Permian  types  are,  however, 
in  a  micaceoui  sandstone,  not  unlike  a  true  Coal-measure 
sandstone,  so  that  we  have  already  evidence  of  considerable 
variety  of  composition  in  the  materials  referred  to  Permian 
age. 

The  great  development  of  the  lower  member  of  the  Cre- 
taceous formation  in  Western  Iowa  and  the  adjoining  Terri- 
tories of  Kansas  and  Nebraska,  and  its  extension  below  the 

•  Wbile  these  pages  are  passing  thfotigh  the  prtss,  Prof.  Swallow  lias  published  in 
the  American  Journal  of  Science  a  notice  of  the  discovery  of  Permian  fossils  by  Mr. 
F.  Hawh  in  Kansas,  during  the  present  year;  and  almost  at  the  same  time,  March  2d, 
Messrs.  Mebk  and  Hatdeh  have  read  a  paper  before  the  Albany  Institute,  upon  some 
Permian  fossils  sent  from  Kansas  by  Mr.  Hawn,  and  others  collected  by  Dr.  Hatdeh  in 
Kebraska,  and  by  Dr.  J.  G.  Cooper  in  Kansas;  so  that  the  Permian  system  is  now  known 
at  several  points  over  an  extent  of  more  than  ten  degrees  of  longitude  and  at  least  four 
degrees  of  latitude. 
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line  where  any  well  marked  cretaceous  species  have  heen 
found,  suggests  very  strongly  that  we  shall  yet  find  lower 
geological  formations,  or  those  of  the  age  of  the  Jura,  or 
Oolite  of  Europe.  The  discovery  by  Dr.  Hatden  of  a  species 
of  the  Genus  Hettangia  (  which  is  regarded  in  Europe  as  of 
Jurassic  age),  at  the  mouth  of  the  Judith  river  on  the  Upper 
Missouri,  though  associated  with  other  unmistakable  creta- 
ceous fossils,  points  to  the  probable  discovery  of  strata  of 
Jurassic  age  in  this  region.  The  discovery  of  Oolitic  or  Li- 
assic  rocks  in  Exmouth  island  by  Captain  Belcher,  referred 
to  by  Mr.  Salter*  in  the  paper  previously  cited,  is  very  signi- 
ficant. He  also  mentions  the  discovery  by  Capt.  M*Clintock 
in  Prince  Patrick's  land,  lat.  76"  30',  long.  117'  W,  of  Oolitic 
or  Liassic  fossils.  Ammonites,  Spirifefj  Pecterij  etc.  These  lo- 
calities correspond  to  the  northerly  trend  of  the  Carboni- 
ferous limestone  of  the  Rocky  mountain  region,  and  the 
accompanying  supra-carboniferous  formations. 

The  great  thickness  of  sandstones  and  marls  shown  by  Mr. 
Marcou  in  his  section  of  Pyramid  mountain,  an  outlier  of  the 
Llano  Estacado,  below  any  well  marked  cretaceous  fossils, 
when  taken  in  connexion  with  the  facts  above  stated  and  others 
lately  brought  out  by  collections  made  much  farther  to  the 
south,  indicate  the  probable  occurrence  of  lower  fossiliferous 
rocks,  or  those  of  the  Jurassic  age,  along  the  whole  length  of 
the  Rocky  mountains,  and  probably  coextensive  with  the 
lower  member  of  the  Cretaceous  system. 

Thus  far  the  collections  made  in  the  explorations  across 
this  western  country  have  brought  us  no  true  Jurassic  fos- 
sils, and  it  is  only  in  the  far  north,  and  upon  the  Pacific 
coast,  as  well  also  as  in  the  southern  extremity  of  the  con- 
tinent, that  we  have  the  evidences  of  the  existence  of  these 
rocks  below  the  Cretaceous  formation. 

•  "  On  some  additiona  to  the  Geology  of  the  Arctic  Re^^ons'' ,  by  J.  W.  Salter,  F.6.S. 
See  Report  of  the  British  Agioclation  for  the  Advancement  of  Science  for  1856. 
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It  should  not  be  forgotten,  moreover,  that  in  the  sections 
made  along  the  eastern  slope  of  the  Rocky  mountains  and 
upon  the  Missouri  and  its  tributaries,  no  absolute  continuity 
has  been  traced,  and  the  hiatus  which  is  admitted  between 
the  Carboniferous  limestones  of  the  Coal-measure  epoch  and 
the  true  Cretaceous  deposits  is  great  enough  to  allow  of  the 
existence  of  all  the  intermediate  formations. 

The  investigations  of  these  formations,  including  the  com- 
pletion of  the  examinations  in  the  coal  field,  will  form  the 
subject  of  a  subsequent  volume. 

The  geological  formations  of  greatest  economical  impor- 
tance in  the  State  of  Iowa,  are  the  Galena  or  lead-bearing 
limestone,  the  Coal  formation,  and  the  Gypsum  formation. 
All  the  intermediate  rocks  are  more  or  less  calcareous,  af- 
fording abundance  of  lime  and  ordinary  building  stone,  and 
some  of  them  hydraulic  cement. 

The  formations  throughout  the  southern,  eastern  and  cen- 
tral parts  of  the  State,  are  all  of  such  a  character  as  to 
produce  soils  of  immense  agricultural  capacities ;  and  the 
geological  structure  of  the  State  clearly  indicates  that  her 
agricultural  products,  her  coal  mines,  and  beds  of  gypsum, 
will  constitute  her  greatness  of  resourses  and  her  future 
wealth. 


NOTE  REFERRED  TO  ON  PAGE  140. 
The  Reports  of  Messrs.  Foster  and  Whithet,  and  of  Dr.  D.  D.  Owem,  on  the  Lake 
Superior  District,  as  well  as  several  Mining  Reports  by  S.  W.  Hill,  esquire,  and  others, 
of  parts  of  the  same  district,  show  an  enormous  accumulation  of  material  in  that  region 
durmg  the  period  of  the  Potsdam  sandstone  formation.  Not  only  fVom  the  measurements 
there  made,  but  from  the  phenomena  accompanying  the  deposition  of  the  sandstone  and 
associated  shales  and  conglomerates,  I  Infer  that  the  greatest  thickness  of  this  rock  will 
be  found  in  that  district.  At  the  same  time  the  measurements  made  farther  to  the  west, 
together  with  the  occuirenoe  of  similar  phenomena  to  those  upon  Lake  Superior,  show 
that  the  same  formation  maintains  a  great  thickness  far  to  the  west  of  the  Mississippi 
river. 


[Iowa  Survey,]  19 
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GEOLOGICAL  MAP  AND  SECTIONS. 

The  preceding  descriptions  of  the  geological  formations  are  illus- 
trated by  a  geological  map  of  the  eastern  half  of  the  State,  showing 
the  extent  of  these  successive  formations  as  far  as  they  hare  been 
traced  into  the  interior.  Some  of  these  have  not  been  traced  to  the 
northern  limits  of  the  State,  and  this  condition  of  the  investigation 
is  indicated  by  the  absence  of  color  in  those  parts  of  the  map.  In  a 
few  instances  the  great  accumulation  of  drift  and  prairie  formations 
has  so  completely  obscured  the  line  of  junction  of  two  formations, 
that  the  limits  cannot  be  safely  indicated  until  more  detailed  obser- 
vations have  been  made  :  these  parts  are  likewise  left  uncolored. 

Several  outliers  of  the  Coal  measures  are  shown  beyond  the  gene- 
ral northeastern  limits  of  the  formation,  resting  unconformably  upon 
the  Carboniferous  limestone,  the  Devonian  and  Silurian  formations 
as  already  described.  Some  portions  of  the  Coal  formation  in  ttie 
southern  part  of  the  State  have  been  examined  only  in  a  general 
manner,  sufficient  to  determine  the  occurrence  of  these  strata  as 
colored  upon  the  map. 

The  geological  sections  embrace  the  results  of  an  examination  of 
the  rocks  along  the  Mississippi  valley,  from  the  north  line  of  the 
State,  to  the  mouth  of  the  Des  Moines  river  ;  and  in  order  to  show  the 
entire  series  of  the  Carboniferous  limestones  as  they  occur  farther 
down  the  river,  the  section  (  with  some  interruption )  has  been  ex- 
tended so  fistr  as  to  include  the  limestones  of  Chester  and  Easkaskla. 


CHAPTER  IV. 
GEOLOGY  OF  THE  DES  MOINES  VALLEY. 


REPORT  OF  A.  H.  WORTHEx^, 

Assistant  Geologist, 
FOR  THE  YEAR  1866. 


TO  PROF.  JAMES  HALL, 

Stats  Gsoloout. 

Sir  :  I  herewith  submit  the  result  of  my  examinations  during 
the  past  season  in  the  Valley  of  the  Des  Moines^aud  along  the  eastern 
border  of  the  Iowa  coal  field,  made  with  a  view  of  determining  the 
number,  thickness,  and  relative  value  of  the  different  coal  seams 
outcropping  in  that  part  of  the  State. 

A.  H.  WORTHEN,  Jhsislant  Geologist. 
Wanaw  {niinoU),  Dtcember  1856. 


The  first  work  done  was  a  section  from  Burlington  to  the 
nearest  outcrop  of  coal  on  Skunk  river.  Going  west  from 
Burlington  on  the  Augusta  road,  the  first  rocks  seen  in  place, 
are  exposed  on  a  small  branch  of  Long  creek,  about  two  and 
a  half  miles  northeast  of  Augusta  and  about  three-quarters 
of  a  mile  in  a  direct  line  north  of  Skunk  river. 
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At  this  point  I  found  the  Lower  Archimedes  or  I^eokuk 
limestone  exposed  about  sixteen  feet  in  thickness,  and  over- 
laid by  twelve  feet  of  blue  marly  clay  containing  geodes. 

One  and  a  half  miles  below  Augusta,  at  the  mouth  of  Long 
creek,  I  found  the  Burlington  beds  in  place,  giving  the  fol- 
lowing section  : 

Brown  and  gray  crinoidal  limestone     ....     52  feet. 

PnFMTTva  \  ^^^^  «"^y  limestone 1  foot. 

^^^^^^^  <  Oolitic  band 2  feet. 

QROTTP.    ^  Unexposed      . .     35  feet. 

On  the  south  side  of  Skunk  river,  opposite  the  town  of 
Augusta,  the  Burlington  limestone  forms  .a  bluff  eighty  feet 
in  height,  composed  of  gray  and  brown  limestone,  with 
cherty  bands  intercalated,  and  rich  in  fossil  remains,  among 
which  the  following  species  were  identified.  Actinocrinus 
verneuilianusy  A.  rotunduSf.  A.  pyriformisy  A.christyi^  A.unu 
cornif  Platycrinus  planus j  P.  corrugatusy  Pentremites  dongatus^ 
P.melOy  P.norwoodij  Spirifer  sowerhyiy  S.ventricosus^  S.for- 
besij  Terehratula  lamellosay  and  several  species  of  corals.  In 
the  upper  part  of  the  bluff  at  this  point,  and  about  twelve 
feet  from  the  top,  a  thin  band  of  limestone  is  seen  densely 
filled  with  remains  of  fishes,  consisting  of  jaw  and  palate 
teeth  and  spines.  This  seems  to  be  identical  in  position  with 
the  fish  bed  previously  observed  at  Quincy  and  on  Honey 
creek  in  Illinois,  and  is  the  lowest  of  the  three  already 
known  in  the  mountain  limestone  of  this  region. 

One  mile  above  Augusta,  on  the  north  side  of  Skunk 
river,  following  up  a  small  creek,  the  following  section  was 
made  : 

Brown  slaty  limestone   .     • 6  feet. 

Concretionary  limestone 18  feet. 

Magnesian  limestone 5  feet. 

Blue  and  yellow  marlites  with  geodes 40  feet. 

Orey  cherty  limestones,  containing  the  fossils  common  to  the 

lower  beds  at  Keokuk 50  to  60  ft. 
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From  the  foregoing  sections  it  will  be  seen  that  the  whole 
series  of  mountain  limestone  beds,  from  the  base  of  the 
Buriington  crinoidal  to  the  concretionary  limestone,  are  found 
in  situ  within  one  mile  of  Augusta,  but  thinned  out  so  that 
the  whole  series  does  not  occupy  a  stratigraphical  thickness 
exceeding  two  hundred  feet.  Detached  blocks  of  quartzose 
sandstone  were  observed  in  this  vicinity,  undoubtedly  be- 
longing to  a  higher  bed,  and  which  probably  appertains  to 
the  Coal  measures. 

Five  miles  above  Augusta  at  Wilson's  mill  on  Skunk  river, 
the  Keokuk  limestone  crops  out  in  the  river  bluff  from  ten 
to  fifteen  feet  in  thickness,  and  is  overlaid  a  short  distance 
back  fix)m  the  river  by  the  geode  bed,  which  is  only  partial- 
ly exposed.  Isolated  blocks  of  the  concretionary  bed  were 
also  abundant,  indicating  its  presence,  though  it  was  not  seen 
in  place  here. 

On  the  northeast  quarter  of  Section  14  in  Township  69, 
Range  5  (Pleasant-ridge),  a  thin  seam  of  coal  has  been 
opened  at  several  points,  the  coal  varying  from  10  to  14 
inches  in  thickness.  This  is  overlaid  by  a  slaty  clay  resem- 
bling a  fire  clay,  and  is  underlaid  by  about  six  feet  of  bitu- 
minous shale  and  shaly  sandstone,  the  latter  resting  directly 
upon  the  limestone.  The  upper  layers  of  this  limestone  are 
regularly  bedded  in  strata  from  four  to  eight  inches  thick, 
compact,  and  of  a  light  grey  color,  affording  an  excellent 
building  material  as  well  as  lime  of  superior  quality. 

At  Lowell,  just  below  the  mill-dam,  the  upper  layers  of 
the  Keokuk  limestone  may  be  seen  at  low  water ;  and  from 
the  loose  material  thrown  out  in  constructing  the  mill-race, 
I  obtained  several  fish  teeth,  as  well  as  the  small  Spirifer  so 
common  in  the  Keokuk  beds.  About  half  a  mile  below  the 
town,  at  the  mouth  of  the  creek,  the  following  section  was 
made  : 
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Light  grej  compact  limestone 12  feet. 

Buff-oolored  magneeian  limestone 16  feet. 

Brecciated  arenaceous  limestone 24  feet. 

Unexposed 15  feet. 

Blue  marlites  of  the  Gkode  bed  extending  to  the  river  level  .  26  feet. 

The  two  upper  beds  in  the  foregoing  section  afford  very 
good  building  material,  the  upper  limestone  being  pretty 
regularly  bedded  in  layers  from  four  to  twelve  inches  thick, 
.  while  the  magnesian  bed  affords  strata  from  fifteen  to  eigh- 
teen inches  in  thickness.  Overlying  these  beds  were  indica- 
tions of  the  presence  of  the  quartzose  sandstone,  though  it 
was  for  tiie  most  part  hidden  under  the  drift  deposits. 

From  this  point  I  went  out  to  the  neighborhood  of  Salem, 
to  examine  a  seam  of  cannel  coal  reported  to  have  been  re- 
cently opened  there.  At' the  crossing  of  Pilot  creek  on  the 
road  to  Salem,  and  four  miles  from  Lowell,  I  found  the  beds 
in  the  foregoing  section  outcropping  in  the  bluffs  of  the  creek. 
The  next  exposure  of  rocks  seen  in  place  was  on  Cedar 
creek,  three  miles  west  of  Salem,  near  the  bridge,  where  the 
.following  section  was  made  : 

Light  grey  regularly-bedded  limestone .•  10  feet. 

Magnesian  limestone  in  layers  from  6  to  12  inches  thick,  9  &et. 

Shaly  magnesian  limestone 8  feet. 

Green  argillaceous  shale 6  feet. 

Band  of  limestone 1  foot. 

Ckode  bed  extending  below  the  level  of  the  creek    .     .  17  feet. 

One  mile  west  of  Cedar  creek,  on  the  lands  of  Drs.  Eaton 
and  Rodgers,  I  found  the  seam  of  cannel  coal  above  refered 
to.  The  best  exposure  to  be  seen  at  this  time  showed  the 
following  beds.  First,  black  slate  five  to  six  feet  thick,  with 
a  thin  seam  of  cannel  coal  from  four  to  five  inches  in  thick- 
ness, intercalated  in  the  slate.  This  was  underlaid  by  a  band 
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of  Ferruginous  sandstone  about  one  foot  thick,  and  the  whole 
resting  upon  a  bed  of  gray  shale  of  which  about  six  feet  only 
was  exposed,  as  shown  in  Uie  following  section  : 

Black  slate     .     .     .     .      ^ 

Gannel  ooal  5  inches     .      > 6  feet. 

Black  slate     .     .     .     .      ) 

Ferruginous  sandstone 1  foot. 

Grey  shale 6  feet. 

Two  miles  southwest  of  Salem,  on  Little  Cedar,  the  lime- 
stone equivalent  to  the  upper  bed  in  the  foregoing  section 
on  Cedar  creek,  is  quarried  extensively  for  building  purposes 
and  for  lime.  Here  it  is  a  compact  light  grey  limestone, 
breaking  with  a  smooth  conchoidal  fracture  ;  regularly  bed- 
ded, in  layers  from  four  to  six  inches  thick.  Between  the 
layers  of  limestone  are  marly  partings,  which  contain  one 
species  of  Spirifer,  two  or  three  species  of  Terebratula  and  a 
Productus,  all  in  a  fine  state  of  preservation. 

Three  and  a  half  miles  northwest  of  Hillsborough  on  the 
lands  of  Mr.  Martin,  an  interesting  exposure  of  coal  may  be 
seen  in  connection  with  the  following  beds  : 


Fio.  12. 


Red  bhaly  olaj 

Black  slate     . 
Shaly  sandstone 


Upper  ooal 
Black  slate    . 
Lower  ooal  seam 

Underolaj  .    • 


Light  jprey  limestone,  forming 
Uie  bed  of  the  oreek  .    .    . 


4  to  5  feet. 

1  foot  4  in. 

1  fool  4  in. 

4  feet. 

10  inches. 

3  feet. 

2  to  3  feet. 

Ufeei. 
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These  two  coal  seams  approach  so  near  together  that  they 
may  be  wrought  as  one  ;  and  a  drift  has  been  made  into  the 
hill  in  a  westerly  direction  by  the  present  owner,  and  a  suf- 
ficient amount  of  coal  has  been  taken  out  each  season  to 
supply  the  demand  of  the  neighborhood.  Being  away  from 
any  navigable  stream  or  line  of  railroad,  the  demand  for 
coal  is  not  so  great  as  to  justify  the  working  on  a  large  scale. 

At  the  time  of  my  visit,  the  drift  was  partially  filled  with 
water  and  consequently  inaccessible,  and  I  was  unable  from 
this  cause  to  obtain  specimens  of  this  coal ;  but  through  the 
kindness  of  Mr.  Mabtin,  specimens  for  the  State  Collection 
and  for  analysis  have  since  been  received  through  Messrs. 
CmTTENBEN  and  M^Gavic  of  Keokuk. 

Agreeable  to  your  instructions,  the  next  work  undertaken 
was  a  section  up  the  Des  Moines  river. 

Crossing  the  Mississippi  at  Warsaw  and  ascending  the  Des 
Moines,  the  first  rocks  seen  in  place  are  found  at  St.  Fran- 
cisville,  on  the  south  side  of  the  Des  Moines  river,  where 
the  following  section  was  made  : 

Light  grey  regularly-bedded  limestone  containing  Lithostro- 

tion 14  feet. 

Impare  concretionary  and  siliceous  ?  limestone 10  feet. 

Brown  arenaceous  limestone,  with  veins  of  calcareous  spar   .       2  to  4  feet. 

Argillaceous  and  siliceous  rock,  brecciated  and  concretionary, 

without  fossils 24  feet. 

Kegularly-bedded  magnesian  limestone 5^  feet. 

Argillaceous  and  marly  bed,  with  bands  of  impure  limestone 
containing  geodes  of  quartz  crystals,  calcareous  spar  and 
chalcedony 40  feet. 

Keokuk  limestone,  with  Archimedes  oweni,  fish  teeth,  etc.     .     15  to  20  ft. 

The  lower  part  of  the  Geode  bed  is  here  quite  calcareous, 
and  passes  almost  imperceptibly  into  the  Keokuk  limestone 
below.  The  upper  part  is  very  argillaceous,  and  is  filled  with 
geodes,  many  of  which  contain  magnificent  crystals  of  cal- 
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careous  spar  or  dolomite,  and  occasionally,  minute  crystals 
of  zinc  blende  and  sulphuret  of  iron.  The  magnesian  lime- 
stone bed  is  quite  thin  in  the  immediate  vicinity  of  the  town 
of  St.  Francisville ;  but  one  mile  above,  it  is  from  ten  to 
twelve  feet  thick,  and  has  been  quarried  extensively  for  the 
construction  of  the  locks  and  dam  at  this  place.  As  this  rock 
usually  hardens  on  exposure  to  the  weather,  and  can  be  ob- 
tained in  blocks  of  suitable  thickness,  it  is  well  adapted  to 
works  of  this  kind  where  strength  and  durability  are  the 
great  ends  sought. 

The  bed  overlying  the  magnesian  limestone  occupies  the 
place,  and  is  undoubtedly  the  representative  of  the  Warsaw 
Archimedes  limestone,  and  yet  very  dissimilar  in  aspect 
and  in  constituent  material  at  these  two  localities,  though 
only  some  seven  or  eight  miles  apart. 

At  Warsaw,  this  bed  consists  of  bands  of  blue  marly  clay, 
with  intercalations  of  limestone,  and  the  whole  filled  with 
fossils  in  the  greatest  abundance,  especially  corals.  At  St. 
Francisville,  we  have  a  rough  siliceous  rock,  brecciated  and 
concretionary,  without  regular  lines  of  bedding,  utterly 
worthless  for  all  economical  purposes,  and  entirely  destitute 
of  fossil  remains.  Here  we  have  a  striking  example  of  the 
changes  that  may  take  place  in  the  lithological  characters 
of  the  same  bed  in  the  distance  of  only  a  few  miles. 

Crossing  the  Des  Moines  at  St.  Francisville  and  ascending 
.  the  river  on  the  north  side,  the  first  rocks  seen  in  place  were 
found  at  the  crossing  of  a  small  creek  four  miles  above  the 
ferry.  This  was  an  outcrop  of  a  portion  of  the  concretionary 
limest/one,  but  not  sufficient  to  afford  a  good  section.  The 
outcrop  seen  was  some  thirty  or  forty  feet  above  the  bed  of 
the  river. 

At  Belfast,  where  Dam  No.  2  was  in  process  of  construc- 
tion, extensive  quarries  have  been  opened  in  the  magnesiaBi 
bed,  and  the  rocks  at  this  point  afford  the  following  section : 
[Iowa  Suevet.]  20 
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Concretionary  luneaione,  partially  exposed 25  to  30  ft. 

Thin-bedded  gray  limestone 10  to  12  ft. 

Massive  magnesian  limestone,  some  layers  very  arenaceous   .  14  feet. 

Unexposed .    ,     .  25  feet. 

The  gray  limestone  OTeriying  the  magnesian  bed  in  the 
foregoing  section,  is  thin-bedded  in  layers  of  from  one  to  six 
inches. 

The  magnesian  bed  is  tolerably  massive,  affording  layers 
from  sixteen  to  twenty-four  inches  thick,  and  is  used  for 
constructing  the  lock  and  dam  at  this  point.  In  the  bed  of 
the  creek  just  above  the  dam,  the  blue  argillaceous  marlites 
of  the  geode  bed  crop  out  at  the  base  of  the  bluff,  and  un- 
doubtedly occupy  the  lower  twenty-five  feet  in  the  above 
section.  Three  miles  above  Belfast  the  magnesian  bed  is  found 
in  place,  only  ten  feet  above  the  river  level. 

In  the  bluffs  at  Croton  a  good  section  may  be  seen  of  the 
beds  overlying  the  magnesian  bed,  presenting  considerable 
variety  in  their  lithological  characters,  as  may  be  seen  by 
the  following  section  : 

Massive  qnartsose  sandstone 6  to  8  ft. 

Green  and  yelloir  skale 1  ft.  8  in. 

Fine-grained  gritstone 6inolie8. 

Coarse  fermginons  sandstone 1  ft.  6  in. 

Perruginons  shale 8  inches. 

Chertyband 6  inches. 

Compact  sandstone , 2  ft.  2  in. 

B^nlarlybedded  gray  limestone,  in  layers  6  to  18  inches 

thick,  the  npper  part  having  an  oolitic  structure   ...     10  ft.  8  in. 

Brecciated  and  concretionary  limestone 12  to  15  ft. 

Brown  arenaceous  band 4  ft.  6  in. 

Slope  nnexposed 86  feet. 
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The  material  for  the  construction  of  the  Lock  and  Dam 
No.  3  have  been  mostly  obtained  from  the  regularly  bedded 
gray  limestone  of  the  above  section,  and  the  compact  sand- 
stone resting  upon  it.  At  one  point  in  the  quarry,  the  con- 
cretionary character  of  the  lower  bed  was  observed  to  extend 
quite  up  to  the  sandstone,  rendering  the  whole  mass,  for  a 
distance  of  ten  to  fifteen  feet,  entirely  worthless  for  building 
purposes,  and  appearing  like  a  dike  of  concretionary  lime- 
stone replacing  the  regular  layers  above. 

In  the  blujBs  on  the  south  side  id  the  Des  Moines,  just 
above  the  town  of  Farmington,  a  drift  has  been  made  into 
the  hill-side  for  coal, and  the  fallowing  Motion  was  made  at 
this  point : 

Fig. 18. 

8Utj4Ml 2ft.  10  in. 

Blao^BUto IfootiUt. 

Goal 1  foot  Sin. 

Shale 0  feet. 

Shalj  sandstone 6  feet. 


Massive  sandstone 


6to8feet. 


Unexposed 28  feet. 


The  coal  in  this  section  was  slaty  and  poor ;  and  from  the 
fact  that  the  work  has  been  abandoned,  it  is  presumed  the 
quality  did  not  improve  on  penetrating  farther  into  the  blujBT. 

About  two  hundred  yards  higher  up  the  river,  the  bluff 
is  composed  entirely  of  limestone ;  and  I  was  at  first  inclined 
to  believe  that  there  was  a  fault  in  the  beds,  by  which  the 
coal  had  been  thrown  down ;  but  after  a  very  careful  exami- 
nation, I  became  satisfied  that  this  state  of  things  was  not 
caused  by  a  fault,  but  by  an  irregularity  in  the  limestone 
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deposit,  which  here  forms  a  trough  or  basin  into  which  the 
Coal  measures  were  afterwards  deposited.  This  depression  in 
the  limestone  appears  to  extend  along  the  river  for  two  or 
three  miles,  in  a  direction  nearly  north  and  south.  On  the 
north  side  of  the  river,  coal  is  obtained  in  two  localities  in 
this  basin :  at  Williams's,  one  mile  northwest  of  Farmington; 
and  at  Johnson's,  one  mile  below.    . 

Fig.  14. —  Section  at  Williams's  coal  bank 

Shale 3  foet. 

Slate  and  coal 1  foot. 


"Ti^<,~-  ■::^ 


i-< 


A*^^   ,  '^-=~  Shaly  sandstone^  with  Stigmaria     .    .    6  to  8  feet. 
Main  coal  seam 2  to  3  feet. 


^  ^^"^-^^    "'j^^ ^  -^ »^  ~i  PerrnginoiiB  sandstone^  mostly  hidden    .    6  to  fl  feet. 

I    »     '  /  •  I  '         7    -  i"^  Limestone  exposed  in  the  bed  of  the  creek, 

"^"      I    '  jlJ      .^.    '  '    iL   "*?  about  two  hundred   yards  below  the 

I   I  -r-      "t        -^prr^      coal  bank 8  feet. 


Dr.  Owen,  in  his  Report  on  the  Survey  of  Iowa,  Wisconsin 
and  Minnesota,  constructs  a  section  at  this  point  ( see  his 
Report,  page  107),  exhibiting  five  coal  seams  in  regular  order 
one  above  the  other.  A  careful  examination  at  this  locality 
gave  me  no  evidence  of  the  existence  of  the  rocks  represented 
in  that  section. 

At  Mr.  Johnson's  coal  bank,  one  mile  below  Farmington, 
the  seam  is  about  two  feet  in  thickness,  and  rests  upon  fer- 
ruginous sandstone,  and  is  overlaid  by  a  black  slate  which 
was  only  partially  exposed.  Up  to  this  time,  the  coal  at  this 
locality  has  been  obtained  by  stripping  the  seam  of  the 
overlying  slate  and  clay ;  but  Mr.  Johnson  informed  me  that 
he  was  making  preparations  to  drift  into  the  hill,  for  future 
supplies. 

Three  miles  above  Farmington,  and  from  half  to  three- 
quarters  of  a  mile  from  the  Des  Moines  river  at  Slaughter's, 
a  coal  seam  has  been  opened,  and  a  considerable  amount  of 
coal  obtained  by  stripping  the  seam  of  the  overlying  beds. 
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A  section  from  the  river  to  this  point  shows  the  following 
beds  : 

Shaly  clay  not  measured. 

Coal 1  ft.  8  in. 

Shale  and  shaly  sandstone 4to6  feet. 

Concretionary  limestone  :  the  upper  part  compact  and  fine- 
grained, in  regular  layers  from  four  to  twelve  inches 
thick ;  the  middle  and  lower  part  concretionary  and  are- 
naceous, some  of  the  lower  layers  approaching  a  fine- 
grained sandstone .72  feet. 

Arenaceous  magnesian  limestone 6  feet. 

Marlites  of  the  Geode  bed,  extending  to  the  ley  el  of  the  Des 

Moines  river  at  the  mouth  of  the  creek 25  to  30  fb 

The  Concretionary  limestone  attains  a  greater  thickness 
here/than  at  any  point  where  it  has  fallen  under  my  notice^ 
and  affords  an  excellent  and  abundant  building  material. 

Ascending  the  Des  Moines  river  from  Farmington,  there 
is  an  undulation  in  the  dip  of  the  rocks  which  brings  the 
lower  limestones  to  the  surface ;  and  at  the  lime  kilns,  a 
half  mile  below  Bonaparte,  the  rocks  afford  the  following 
section  : 

Ferruginous  quartzose  sandstone 8  feet. 

Concretionary  limestone 12  feet. 

Thin-bedded  magnesian  limestone 12  feet. 

Gkode  bed  but  partially  exposed 30  feet 

Orey  cherty  limestone  with  seams  of  marlite,  the  equivalent 

of  the  Keokuk  or  Lower  Archimedes  limestone    ...     66  feet. 

These  lower  beds  did  not  appear  to  be  as  rich  in  fossils  at 
this  point  as  at  Keokuk ;  but  a  few  very  characteristic  ones 
were  obtained,  among  which  were  the  large  Orthts  referred 
by  Dr.  Owen  to  O.  umbraculum,  Spirifer  striatus^  S.  imbricatus, 
S.  ovcdiSf  and  the  tail  of  a  Phillipsia, 
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The  building  material  at  Bonaparte  i»  obtained  £rom  these 
lower  lay  irs,  which  aflford  a  regularly  bedded  rock  of  good 
quality.  The  upper  layers,  which  furnish  the  material  for  all 
the  locks  and  dams  below  this  point,  are  here  of  a  very 
inferior  quality,  and  the  beds  much  thinner  than  at  the 
points  below.  These  limestones  form  the  bluffs  on  the  north 
side  of  the  Des  Moines  to  Bentonsport,  where  the  following 
section  is  made  : 

Section  at  Bentonsport. 

Qaartzose  sandstone •       6  feet. 

Outcropping  of  oherty  nodules,  with  Lithostrotion       .     •     .      4  -  6  fib. 
Brown  magnesian  limestone  in  strata  from  6  to  20  inches  thick,  8  —  10  ft. 

Slope  hidden.  Oeode  bed  in  part  ? 43  feet. 

TeUowiflh  marly  limestone  with  cherty  seams,  and  geodiferous,  14  feet. 

Begalarly-bedded  bluish-grey  limestones  with  marly  partings, 

the  strata  varying  from  four  to  twenty  inches  in  thickness,  16  Ibet. 

Light-grey  oherty  limestones  exposed  about  one  mile  below 

the  town,  and  extending  below  the  river  level       ...     44  feet. 

The  lowest  bed  in  the  above  section  presents  a  similar 
appearance,  and  is  undoubtedly  equivalent,  to  the  cherty 
beds  at  Nauvoo  and  on  Hyde's  creek  three  miles  above  War- 
saw, Illinois.  These  beds  underlie  the  Lower  Archimedes  or 
Keokuk  limestones,  and  form  the  beds  of  passage  into  the 
Burlington  orinoidal  limestones  below. 

The  bed  overlying  this  is  the  one  from  which  the  building 
material  is  mostly  obtained  at  this  point ;  and  it  presents 
here  nearly  the  same  lithological  characters  as  at  Keokuk, 
as  well  as  the  same  fossils.  Frcmi  a  comparison  of  this  section 
with  the  one  made  at  Slaughter's,  three  miles  above  Farming- 
ton,  it  win  be  observed  that  the  concretionary  limestone, 
which  is  there  seventy-two  feet  in  thickness,  is  here  re- 
presented by  only  a  few  feet  of  chert  and  faomstone,  but 
preserving  itp  identity  in  the  fossil  coral,  the  Lithostrotion^ 
which  seems  to  appertain  almost  everywhere  to  this  bed. 
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At  several  points  in  the  vicinity  of  the  town,  a  thin  seam 
of  coal  has  heen  opened  immediately  above  and  usually 
resting  upon  the  sandstone  of  the  foregoing  section. 

Crossing  over  to  Vernon  on  the  south  side  of  the  river, 
the  same  beds  were  found  in  place,  with  the  sandstone  cap- 
ping the  hill. 

Four  and  a  half  miles  above  Bentonsport,  the  magnesian 
and  concretionary  limestone  forms  a  cliff  from  forty  to  fifty 
feet  in  height,  overlaid  by  the  sandstone  of  the  foregoing 
section. 

A  mile  below  Keosauqua,  the  massive  layers  of  the  Magne- 
sian limestone  crop  out  in  the  bed  of  the  river,  in  strata  from 
one  to  two  feet  in  thickness. 

Section  of  the  Rocks  exposed  in  the  fridnity  of  Keosauqua. 

Black  slate 4  feet. 

Slaty  coal 2  feet. 

Shale  and  ahaly  Ba&cUtone 4  to  6  ft. 

Compact  grey  luoeBtone  tolerabljr  regularly  bedded  in  layers 
from  six  to  sixteen  inches  thick,  with  seams  of  green  and 
blue  argillaceous  matter 25  -  30  ft. 

Concretionary  arenaceous  bed       20  feet. 

Magnesian  limestone  one  mile  below  the  town,  at  the  river  level,  6-8  feet. 

The  upper  limestone  in  the  above  section  is  by  far  the 
most  important  in  an  economical  point  of  view,  afibrding  an 
excellent  building  material  for  the  construction  of  the  lock 
and  dam  at  this  place.  The  thin  argillaceous  partings  between 
the  layers  of  limestone  were  Crowded  with  the  fossilized 
remains  of  moUusks,  afibrding  several  species,  and  a  great 
number  of  individuals  in  a  very  fine  state  of  preservation. 
The  coal  in  the  seam  outcropping  on  the  south  side  of  the 
river  is  of  an  inferior  quality,  and  too  thin  to  pay  for  exten- 
sive working. 
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From  Eeosauqua  to  Philadelphia,  the  road  leaves  the  river ; 
and  no  rocks  were  seen,  until  at  the  latter  point,  where  the 
following  section  was  made  at  the  mouth  of  Lick  creek  : 

Ferruginous  shale 6  feet. 

Black  slate  and  ooaly  matter 2  ~  3  feet. 

Shale  and  shalj  sandstone 6-8  feet. 

Grey  concretionary  limestone 20  feet. 

Brown  magnesian  regularly-bedded  limestone     .  24  feet. 

Unexposed 20  feot. 

Slaty  limestone  and  marlite,  with  geodes        .     .  22  feet. 

The  upper  part  of  the  concretionary  bed  is  at  this  place 
quite  slaty  and  arenaceous ;  the  lower  part,  brecciated  and 
concretionary,  rendering  the  rock  comparatively  worthless 
as  a  building  material.  The  magnesian  bed  would,  however, 
afford  here  an  abundant  supply  of  "dimension  rock"  for  heavy 
masonry. 

About  two  miles  above  Philadelphia,  a  quarry  has  been 
opened  in  the  concretionary  limestone,  and  it  affords  here 
a  tolerable  building  stone  in  layers  of  six  to  twelve  inches 
thick.  It  is,  however,  quite  irregularly  bedded,  and  presents 
the  cross  lines  of  deposition  which  are  characteristic  of  this 
bed  in  the  vicinity  of  Alton  (Illinois)  and  St.Louis  (Mo.). 

Opposite  the  town  of  Portland  and  about  one  mile  back 
from  the  river,  a  coal  seam  crops  out  on  the  lands  of  Mr. 
Habmngton,  in  connection  with  the  following  beds  : 


Fio.  16. 


'.7...^    '•  Ferraginou  shale 8  feet. 

iir^-*-  Coal 8  inchM. 

Slaty  clay 1  foot 

Slaty  coal 9  inches. 

Unexposed 6  to  8  feet. 


BlaeksUte 3to4feet. 

Coal Stoet. 
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Just  below  this  exposure  is  a  stratum  of  dark  blue  lime- 
stone resembling  a  hydraulic  limestone,  about  two  feet  in 
thickness. 

The  coal  seam  in  the  above  section  has  been  opened  at 
several  places  in  this  vicinity.  On  the  opposite  side  of  the 
river,  the  concretionary  limestone  forms  a  low  bluflf  from 
twenty  to  thirty  feet  above  the  river  level. 

Two  mUes  below  lowaville,  on  the  south  side  of  the  riven 
at  Manhard's  coal  bank,  the  following  section  was  made  : 


Fio.  le. 


Dark  ohooolaie-oolored  alate, 
Bometimes  pauing  into  grej 
Bhaljolaj 4  feet. 

Coal 3  to  5  feet. 

Ferrnginoiu  ehale  and  shalj  olaj^  6  to  8  feet. 

^^^-^4  ■^■5— s"  Band  of  septaria 1|  to  3  ft. 

Blaekalata.    ......    0to7feet. 

Unazpoaed 25  feet. 


Slaty  gray  limestone  extending 
into  the  bed  of  the  river  .     .    5  feet. 


This  coal  seam  has  been  opened  at  several  places  along 
the  river  bluff  within  a  distance  of  one  mile,  and  presents 
considerable  variation  in  its  thickness ;  being  at  some  points 
only  about  three  feet  thick,  and  at  others  nearly  or  quite 
five  feet.  At  lowaville,  this  coal  seam,  with  the  imderlying 
beds,  passes  beneath  the  river  level,  but  only  for  a  short 
distance  :  the  concretionary  limestone  comes  to  the  surface 
again  one  mile  above  lowaville,  and  a  quarry  has  been 
opened,  exposing  from  six  to  eight  feet  of  the  upper  portion. 
[Iowa  Subvit.]  21 
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Crystals  of  sulphuret  of  irou,  of  a  bright  yellow  color,  are 
thickly  disseminated  through  some  layers  of  the  limestone  at 
this  point.  It  also  contains  the  same  species  of  Spirifer  and 
Terebratulay  so  abundant  at  Keosauqua. 

At  the  base  of  the  quarry  there  is  a  seam  of  "  cone  in 
cone",  or  tutenmergely  about  three  inches  thick,  intercalated 
in  the  limestone. 

After  leaving  this  quarry,  the  limestone  disappears ;  and 
the  next  rock  seen  in  place  was  a  band  of  brown  arenaceous 
limestone  about  two  feet  in  thickness,  which  first  makes  its 
appearance  about  three  miles  below  Dam  No.  11,  and  about 
ten  feet  above  the  river  level.  A  half  mile  below  the  dam, 
this  rock  has  been  extensively  quarried  for  the  construction 
of  the  lock  at  this  point.  Among  the  fossils  obtained  were 
species  of  the  Genera  Nautilus^  Bellerophon,  Macrocheilus, 
Allorismay  and  Productus ;  all  characteristic  coal  fossils,  and 
most  of  them  specifically  identical  with  those  already  known 
from  the  Coal  measures  of  Illinois  and  Missouri. 

This  limestone  is  underlaid  by  a  bed  of  fire  clay,  of  which 
only  about  one  foot  of  the  upper  portion  was  exposed.  On  the 
surface  of  some  of  the  blocks  of  limestone  taken  from  this 
quarry,  stems  of  Stigmaria  and  fragments  of  fossil  wood  are 
seen,  imbedded  with  the  marine  shells  and  corals.  The  rock 
itself  is  filled  with  small  cavities,  which  seem  to  have  been 
formed  by  the  decomposition  of  crystals  of  sulphuret  of  iron. 

Just  at  the  dam,  a  quarry  has  been  opened  in  a  soft  quart- 
zose  sandstone  from  three  to  four  feet  in  thickness,  which 
probably  overlies  the  abovementioned  limestone.  This  sand- 
stone was  so  soft  and  friable  that  it  was  with  some  difficulty 
that  a  good  hand  specimen  could  be  obtained,  and  it  is 
entirely  unfit  for  the  construction  of  any  permanent  work. 

A  half  mile  above  the  town  of  Alpine,  a  bluff  of  sandstone 
juts  into  the  river,  presenting  the  following  section  : 
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Section  half  a  mile  above  Alpine. 

Begnlarlj-bedded  micaceous  sandstone  ;  the  lower  part  in 
strata  from  six  inches  to  two  feet  thick,  and  passing  up- 
ward into  shale 55  feet. 

Irregularly-bedded  sandstone,  with  seams  of  slate  and  coaly 

matter 80  feet. 

Sandstone  mostly  hidden 13  feet. 

In  the  upper  bed,  some  of  the  layers  were  concretionary 
in  structure  and  exceedingly  hard. 

About  fifty  yards  below  this  point,  the  irregularly  bedded 
sandstone  was  replaced  by  black  slate  and  shale,  overlaid  by 
a  thin  band  of  slaty  limestone,  somewhat  resembling  that 
below  the  dam. 

Finding  no  road  along  the  Des  Moines  from  this  point  to 
Ottumwa,  I  went  by  the  way  of  Agency  city.  The  next  ex- 
posure of  rocks  seen  was  on  Sugar  creek,  about  one  mile 
from  the  Des  Moines,  where  the  following  section  was  made  : 

Sandstone 6  feet. 

Shale 12  feet. 

Black  slate 6  to  8  feet. 

Coal 1  foot. 

Shaly  clay 4  to  5  feet. 

Slate 2  feet 

Just  below  this  point,  coal  is  obtained  on  the  land  of  Mr. 
Habbell,  by  stripping  the  seam  along  the  banks  of  the  creek. 
The  coal  is  only  eighteen  inches  in  thickness,  and  may  be 
the  same  seam  shown  in  the  above  section.  Underlying  this 
coal,  and  outcropping  in  the  bed  of  the  creek,  is  a  band  of 
septaria  about  two  feet  thick. 

About  half  a  mile  below  Harrell's,  the  concretionary  lime- 
stone makes  its  appearance  in  the  bed  of  the  creek,  overlaid 
by  fifteen  to  twenty  feet  of  shale  and  black  slate.  This  creek 
empties  into  the  Des  Moines  about  two  miles  below  Ottum- 


164  OEOLOGT  OF   THE  BBS  H0INE8  VAX  LET. 

wa ;  and  at  the  town  it  is  exposed  about  twenty-five  feet 
above  the  river  level,  and  extends  across,  forming  the 
rapids. 

Ascending  the  creek,  the  following  section  may  be  seen  : 

Shale 10  to  15  feet. 

Sandstone lto2  feet. 

Concretionary  limestone 25  to  30  feet. 

By  request  of  Col.  Foster,  whom  I  met  at  Ottumwa,  I 
went  out  with  him  to  M*Cready*s  coal  bank  on  Bear  creek, 
four  miles  west  of  that  place.  About  two  and  a  half  miles 
from  Ottumwa  on  the  Alba  road,  I  found  a  thin  stratum  of 
siliceous  limestone  and  septaria  forming  the  bed  of  a  creek. 
From  this  bed  I  obtained  a  few  shells  very  much  like  those 
in  the  limestone  at  Dam  No.  11,  and  it  is  quite  probable  the 
beds  hold  the  same  stratigraphical  position. 

M*Cready*s  coal  bank  is  on  Sec.  20,  T.  72,  N.R.14  west; 
and  the  beds  in  connexion  with  the  coal  exhibit  the  follow- 
ing order  : 

Fig. 17. 

Sandstone 8  feet. 


Oroj  ahftl 12  to  15  ft. 

Coal 5fe«t. 

H   Fire  elaj 7 

The  coal  at  this  point  is  quite  free  from  sulphuret  of  iron, 
and  appears  to  be  fully  equal  or  superior  to  any  thing  yet 
found  in  the  State.  It  is  also  favorably  situated  for  working; 
and  being  on  the  line  of  the  Burlington  and  Missouri  river 
railroad,  cannot  fail  of  becoming  a  source  of  wealth  to  the 
owners. 
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From  Ottumwa  to  Eddyville,  the  concretionary  limestone 
crops  out  in  the  bluffs  of  all  the  small  creeks  flowing  into 
the  river  from  the  norths  frequently  forming  a  low  bluff 
from  fifteen  to  twenty  feet  in  height.  The  Des  Moines  bluffs 
are  only  low  sloping  ridges,  with  no  outcrop  of  the  beds 
overlying  the  limestone. 

On  the  south  side  of  the  river,  nearly  opposite  Eddyville 
and  about  a  mile  from  the  town,  a  coal  seam  is  wrought 
by  Mr.  Roberts,  near  the  top  of  the  bluff;  and  at  this  pomt 
I  made  the  following  section  : 

Fig.  18. 


Un«zpoa«d 44  feet. 


"^  Light  gnj  limettoxie      .    .     \  ^f^^ 

11^    Coiioi6tioiiu7  limett»M .    .    J  wreei. 


The  limestone  forming  the  base  of  the  section  at  this  point 
is  quite  regularly  bedded,  the  strata  varying  in  thickness 
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from  two  to  eighteen  inches :  it  is  a  fine-grained  compact 
nearly  white  limestone,  breaking  with  a  smooth  conchoidal 
fracture,  and  is  well  adapted  for  building  purposes  as  well  as 
the  production  of  a  superior  quality  of  lime.  The  coal  in  the 
seam  opened  by  Mr.  Roberts  appears  to  be  of  a  fair  quality, 
and  is  obtained  by  drifting  into  the  hill.  I  have  very  little 
doubt  that  another  seam  exists  between  this  and  the  lime- 
stone at  the  base  of  the  foregoing  section ;  which  fact  may 
be  determined  by  boring,  at  a  very  small  expense. 

From  Eddy ville  the  road  leaves  the  river,  and  winds  along 
the  highlands  until  within  two  miles  of  Bellefountain,  when 
it  again  strikes  the  river. 

On  the  southeast  quarter  of  S.  11,  T.  74,  R.  16,  the  fol- 
lowing section  was  made,  showing  the  exact  relative  position 
here  of  the  lower  coal  seam  and  the  limestone  : 


FiQ. 19. 


Shalj  olaj 1  ft.  6  in. 

!^  Coal 6  inohM. 

-._^V-.   Firaolaj. 3  ft.  Sin. 

~  Blaok  slate 4  ft.  6  in. 

Coal 4  feet. 

Unexposed 13  feet. 

=^n— - 

-* — 1-  Compact  grej  limestone,  penetrated  to 
3     '\       ^        the  depth  of  fifteen  feet  in  sinkinff  a 

— -^ ,      well;  the  upper  layen  forming  the  bed 

— * of  the  creek 15  feet. 


The  coal  seams  in  the  above  section  most  probably  underlie 
that  opened  by  Mr.  Roberts  opposite  Eddyville ;  as  it  is 
hardly  possible  the  strata  between  the  limestone  and  the 
coal  could  have  thickened,  in  the  distance  of  seven  or  eight 
miles,  from  thirteen  to  near  seventy  feet. 

At  Bellefountain,  on  the  south  bank  of  the  river,  the 
limestone  forms  the  base  of  the  bluff,  and,  about  one  hundred 
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yards  above  the  ferry  landing,  is  twenty-five  feet  in  thick- 
ness. It  is  here  concretionary  and  arenaceous,  and  nearly 
valueless  for  economical  purposes.  The  slope  of  the  hill  just 
above  the  limestone  exhibits  masses  of  quartzose  sandstone  ; 
and  above  this,  in  sinking  wells  in  the  upper  part  of  the 
town,  bituminous  slates  and  shales  were  passed  through  to 
the  depth  of  twenty-five  or  thirty  feet.  It  is  quite  probable 
that  one  or  both  of  the  lower  coal  seams  may  be  in  place  in 
this  hill,  but  covered  by  a  heavy  deposit  of  drift  clay  and 
gravel.  By  boring  from  the  top  of  the  hill  down  to  the  lime- 
stone, this  point  could  be  decided. 

At  Coalport,  on  the  southwest  quarter  of  S.  14,  T.  76,  R 
19,  on  the  south  side  of  the  river,  a  heavy  coal  seam  outcrops 
in  the  face  of  the  bluff,  in  connection  with  the  following 
beds  : 

Fig.  20. 


]l J  Ay  Bitnminoiu  slato  and  shftlo SO  feet. 

— j— w"      —         — 


r^TJ. 


Coftl (toTft. 

Slate  Mid  shale Mfeet. 

:^^"':i^\    Unexpoeed 5  feet. 

The  coal  in  this  seam  appears  somewhat  slaty,  especially 
in  the  upper  part ;  but  it  has  only  been  penetrated  for  a  few 
feet,  and  it  is  probable  the  quality  may  improve  after  reach- 
ing a  point  beyond  the  influence  of  atmospheric  agencies. 

Mr.  Wblch,  the  owner  of  this  bank,  informed  me  that 
another  coal  seam  is  sometimes  exposed  in  the  river  bed, 
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below  the  rocks  in  the  above  section ;  but  at  this  time  it  was 
entirely  hidden,  either  by  the  water  or  the  debris  from  the 
overlying  beds. 

A  half  a  mile  above  Amsterdam,  the  concretionary  lime- 
stone crops  out  in  the  bluff  on  the  north  side  of  the  river, 
at  an  elevation  of  twenty  to  thirty  feet  above  the  river  level. 


Section  five  and  a  half  miles  below  Red-rock. 

Oatoroppings  of  fermginoiLi  shale  and  shaly  sandstone,  par- 
tially exposed    . 20  to  25  ft. 

Soft  calcareous  ?  sandstone 8  feet. 

Grey  arrenaoeo^  limestone,  with  oolitio  bands 14  feet. 

A  coal  seam  had  been  opened  near  where  the  above  sec- 
tion was  made,  but  being  now  abandoned,  its  position  with 
regard  to  the  lower  beds  was  not  ascertained. 

Within  about  two  miles  of  Redrock,  a  bed  of  sandstone 
crops  out  at  the  base  of  the  bluffs,  at  first  only  appearing  a 
few  feet  in  thickness,  but  rapidly  increasing,  until  in  the 
vicinity  of  the  town  it  forms  a  bluff  more  than  one  hundred 
feet  in  height. 

Section  of  the  bluff  three-quarters  of  a  mile  above  the  toum  of  Redrock. 

Thinbedded  ferruginous  sandstone 15  feet. 

Massive  varigated  red  and  yellow  sandstone     ....  30  feet. 

Hard  grey  sandstone 5  feet. 

Massive  brown  limestone  with  nodules  of  iron  ore      .     .  52  £eet. 

Concretionary  sandstone 6  feet. 

The  deep  brick-red  color  of  a  portion  of  the  upper  layers 
of  this  bluff  makes  it  a  striking  landmark  on  the  river,  and 
has  given  name,  not  only  to  the  village  near  by,  but  to  the 
township  in  which  it  is  situated.  It  is  probable  that  much  of 
this  sandstone  will  withstand  the  action  of  the  weather; 
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and  if  so,  this  locality  is  capable  of  furnishing  sufficient 
material  for  all  the  locks  and  dams  from  this  point  to  the 
mouth  of  the  river.  Two  miles  above,  this  bed  of  rock  en- 
tirely disappears,  and  is  replaced  by  shales  and  shaly  sand- 
stones ;  inducing  the  opinion  that  this  sandstone  is  a  local 
deposit,  not  extending  over  any  great  surface  of  the  country, 
and  that  it  rests  directly  upon  the  Concretionary  limestone, 
and  occupies  the  position  of  the  lower  coal  seams,  with  thin 
slates  and  shales,  or  perhaps  intercalated  between  them  and 
the  limestone  below.  The  limestone  outcrops  in  the  bed  of 
the  river  about  two  miles  below  the  town  of  Redrock. 

Section  at  the  mouth  of  Dick^s  creek^  two  miles  above  the  Town  of 

Redrock. 

Grey  shale 8  feet. 

Band  of  septaria  in  concretionary  masses,  1  foot  6  inches. 

Impure  coal 8  inches. 

Shale  and  shaly  sandstone 18  feet. 

Black  slate,  with  Lingula     t    .     .     .     .  1  foot. 

The  beds  in  the  above  section  extend  down  to  the  level 
of  the  Des  Moines  river,  at  an  ordinary  stage  of  water.  On 
the  creek,  in  Section  21  in  Redrock  township,  the  following 
beds  are  seen  in  connection  with  a  four  and  a  half  foot  seam 
of  coal : 

Fio.21. 

-)  ^~^y-^«-^^  Shaly  oUy  and  glate 8  feet. 

Coal 4  ft.  6  in. 

Fire  clay 1  ft.  4  in. 

■ — -* — "zz:;—  Ferrnglnons  fhale  with  septaria     ...    4  feet. 

The  coal  seam  in  the  mouth  of  the  drift  dips  W.  20<'  S.  at 
a  slight  angle.  The  lower  18  inches  of  the  coal  is  compact, 
and  appears  to  be  of  good  quality,  while  the  balance  is  slaty 
and  poor. 

[Iowa  Survbt,]      •  22 
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From  this  point  to  Bennington,  no  rocks  were  seen  in 
place. 

Section  in  the  river  bluff  a  quarter  of  a  mile  above  Bennington. 

FemiginooB  sbaly  sandstone,  passing  upward  into  shale  : 
some  of  the  lower  layers  with  almond«shaped  cayities 
coated  with  brown  hematite 30  feet. 

Black  slate 10  feet. 

Coal 1  ft.  8  in. 

Grey  shale  and  shaly  clay,  extending  below  the  riyer  level  .     12  feet. 

From  Bennington  to  Lafayette  there  is  no  road  along  the 
river,  and  on  the  ridge  no  rocks  are  seen.  A  half  mile  helow 
Lafayette,  on  the  south  side  of  the  river,  the  following  sec- 
tion was  made. 

Loess  :  marly  clay,  with  land  and  freshwater  shells,  20  feet. 

Unexposed 12  feet. 

Shaly  micaceous  sandstone   .     - 22  feet. 

Blue  shale,  with  limonite       ...    - 3  feet. 

Shale 16  feet. 

Shaly  sandstone 2  feet. 

Bluish  grey  shale 14  feet. 

Unexposed 14  feet. 

Hard  grey  sandstone 1  foot. 

Bituminous  shale 4  feet. 

Finding  it  impracticable  to  get  along  the  river  with  a 
vehicle,  I  took  the  bluff  road  to  Fort  Desmoines.  At  Dr. 
Brooks's  quarry,  one  mile  east  of  the  city,  a  bed  of  sandstone 
is  exposed  about  twenty  feet  in  thickness,  and  of  a  somewhat 
soft  texture.  A  portion  of  the  bed,  however,  is  concretionary ; 
the  concretions  exceedingly  hard  and  compact,  and  some  of 
them  from  ten  to  fifteen  feet  in  diameter.  Nearly  all  the 
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building  rock  used  at  Fort  Desmoines  is  obtained  from  this 
bed  of  sandstone,  which  has  been  opened  at  various  places 
in  the'neighborhood. 

Fio,  22.—  Section  at  J.  M.  Todd  &Co.»f  mill,  at  the  upper  end  of  the  citv  of  Desmomei. 

f  I'.-r   <"  I'^v^    Soft  mioaoeooB  eandfltone 8  feet. 

V  ^^«.  i.  >  g    Compact  oonoretionary  sanditone  .    .    .    1  ft.  6  in. 

Grey  shale  and  shaly  f^ndstone    ...  10  feet. 

Bluish  shaly  clay 2  feet. 

Coal 10  inches. 

^^^^^^^^^^^^     Sandstoue 6  inches. 

WBg^g^!^     Slate 6  inches 

~ Coal 1  ft.  4  iuchee. 

Slate 1  inch. 

^^^     Coal lft.6  inches. 

W^    Shaly  clay Ift.Sinchea. 


Coal 10  hiches. 

Shaly  day 5  feet. 


Bitnminoos  slate  and  shale,  mostly  hidden,  12  feet. 


The  coal  in  the  above  section  is  rather  slaty  and  poor, 
though  it  serves  for  steam  and  ordinary  purposes  tolerably 
well.  A  good  supply  of  a  much  better  quality  may  undoubted- 
ly be  obtained  by  sinking  a  shaft  to  the  lower  seams,  which 
are  probably  not  more  than  two  or  three  hundred  feet  below 
those  in  the  above  section.  This  coal  is  in  a  series  of  four 
seams,  which  crop  out  on  the  east  side  of  the  river  a  half 
mile  above  the  town  :  they  are  also  seen  in  the  bluff  on  the 
south  side  of  the  river,  two  miles  below. 

Two  miles  above  the  city,  on  the  east  side  of  the  river,  a 
bed  of  fire  clay  crops  out  at  the  water  level,  overlaid  by  a 
thin  band  of  sandstone  containing  roots  of  Stigmaria.  At  the 
base  of  the  drift  deposit  here  is  seen  a  bed  of  ferruginous 
conglomerate  about  three  feet  in  thickness.  Above  this,  no 
good  exposure  of  the  rocks  were  seen  until  we  reached  Elk 
rapids,  about  twenty-five  miles  above  Fort  Desmoines. 
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Section  near  the  mouth  of  the  creek  emptying  into  the  river  from  the 

westy  at  Elk  rapids. 

Grey  shale  and  shaly  sandstone 20  feet. 

Ash-colored   marl,  containing  Orthis,  Productus,  Chonetes, 

Terebratula,  and  joints  of  crinoids 6  feet. 

Grey  shale 15  feet. 

Dark  blue  shale 8  inches. 

Marly  limestone,  with  Productus,  Chonetes,  etc.       .....  10  inches. 

Ash-colored  shaly  clay 4  feet. 

Buff^colored  arenaceous  limestone     .     .     .     , 4  ft.  6  in. 

Unexposed  .    .     .     • 18  feet. 

The  uppermost  bed  in  this  section  contains  marine  shells 
in  great  profusion  and  in  a  most  perfect  state  of  preservation. 

Three  miles  above  Elk  rapids,  at  a  mill  on  the  small  creek 
which  flows  into  the  Des  Moines  from  the  east,  the  rocks 
were  exposed,  giving  the  following  section  : 

Compact  grey  sandstone      •    •     .     .  2  feet. 

Grey  shaly  clay 4  feet. 

Massive  sandstone 6  feet. 

Grey  shale 8  feet. 

Fermginons  shale 4  feet. 

Dark  bine  slate 4  feet. 

These  beds  were  overlaid  by  a  very  heavy  deposit  of  drift, 
forming  hills  at  least  one  hundred  feet  in  height. 

Section  at  Milfordy  two  and  a  half  miles  north  of  Boonsborough. 

Sandstone 4  feet. 

Unexposed 6  feet. 

Bituminous  slate,  containing  Lingula  and  fossil  wood,       8  feet. 

Coal 1  foot. 

Unexposed 21  feet. 

Goal  in  the  bed  of  the  river 1  foot. 
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The  bituminous  slate  in  this  section  contains  large  concre- 
tions of  septaria ;  one  of  which,  on  being  broken,  was  found 
to  contain  fish  spines  and  a  small  species  of  Orbicula. 

Most  of  the  coal  obtained  in  this  neighborhood  is  taken 
from  the  bed  of  the  stream,  where  the  seams  have  been  laid 
bare  by  the  current  of  the  river.  Along  the  blufis  the  strata 
are  entirely  hidden  by  the  heavy  deposit  of  drift  clay  and 
gravel,  which  has  been  spread  in  great  profusion  over  the 
rock  strata  in  this  portion  of  the  State. 

The  next  exposure  of  rocks  seen  in  place  was  on  Deception 
creek,  on  the  west  side  of  the  Des  Moines,  near  the  mouth 
of  the  creek,  and  about  five  miles  above  the  mouth  of  Boon 
river. 

Section  on  Deception  creek. 

Very  hard  compaot  sandstone      .     •  4  feet. 

Soft  sandstone 8  feet. 

Ferruginous  shale 10  feet. 

Dark  blue  slate 3  feet. 

Coal 10  inches. 

Shaly  clay 5  feet. 

A  short  distance  up  the  creek,  on  the  other  side,  a  slide 
had  taken  place  in  the  drift  deposit  overlying  these  beds ; 
exposing  about  twenty-five  feet  of  the  lower  part  of  that 
formation,  which  was  found  to  consist  here  of  ten  feet  of 
sand,  with  intercalations  of  thin  irregular  masses  of  sand- 
stone overlaid  by  fifteen  feet  of  clay  and  gravel. 

On  Crooked  creek,  near  the  mouth,  on  the  southeast 
quarter  of  S.  13,  T.  88,  R.  28,  the  following  sections  were 
made  : 
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Fia.  23. 

^■■■mPPPm    Coal 1  ft.  «  in. 

gi^^^ii^5§^^~    Shftly  gandttoiie Tfeei. 

Black  slate      . 8  feet. 

Coal Ifoot. 

Unexposed ,    .  12  feet. 


A  half  mile  higher  up  the  creek,  a  bed  of  shaly  clay  was 
exposed  by  a  slide,  showing  three  thin  seams  of  coal,  one 
above  the  other,  as  exhibited  in  the  following  section  : 


Fig.  24. 


, Coal 4  inches. 

I  T-S*.        Shaly  clay 2  ft.  6  in. 

~  :_'-^    Coal 6  inches. 

Shal 8  feet. 

Coal ifoot. 

Unexposed 15  feet. 


It  is  probable  that  the  lower  seam  in  this  section  is  equi- 
valent to  the  upper  one  in  the  section  above.  The  coal  in 
the  three-feet  seam,  in  the  first  section  appears  to  be  of  a  fair 
quality,  and  is  favorably  situated  for  mining ;  the  outcrop 
being  sufficiently  elevated  above  the  bed  of  the  creek,  to 
allow  of  thorough  draining  at  a  small  expense.  In  the  bluffs 
of  the  Des  Moines,  on  the  east  side,  nearly  opposite  the 
mouth  of  Crooked  creek,  a  heavy  bed  of  black  slate  outcrops 
in  connection  with  a  coal  seam,  which  is  probably  the 
equivalent  of  the  three-feet  seam  in  the  above  sections. 

On  the  southeast  corner  of  the  northeast  quarter  of  S.  18, 
T.  88,  R.  28,  a  coal  seam,  from  four  and  a  half  to  five  feet 
in  thickness,  outcrops  in  the  bed  of  a  small  creek,  and  is 
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overlaid  by  a  few  feet  of  black  slate.  The  coal  contains  rather 
more  than  an  average  amount  of  sulphuret  of  iron.  A  short 
distance  down  the  creek  a  bed  of  soft  massive  sandstone 
outcrops  at  apparently  a  higher  level  than  Uhe  coal,  and  was 
exposed  from  ten  to  fifteen  feet  in  thickness. 

Five  miles  below  Fort  Dodge,  in  a  ravine  on  the  west  side 
of  the  Des  Moines,  the  gypsum  beds  were  first  met  with  in 
the  following  -connection  : 

Fio.  26. 


/J"  ■  iJ  r    -^^       Massive  gypsam  of-  a  light-grey  color, 

' ^       sometimes  nearly  white 16  feet. 


Unexposed 20  feet. 


SZ    Band  of  pink  shale lOiaches. 


^r=::==ES;:^:iC_-==:::    C^ray8hale jef^^j. 


r-r.ir — !  ll-^T\ti^^^^~"    Yellow  shaly  sandstone   ......    4  feet. 

Bitaminons  slates 10  f^^^^ 


Coal 


1ft. 


^^^^^=^JZ^^    Shaly  sandstone 5  f^^^. 


Coal 


Ifoot. 


I=l^"=i:^f=lj^IE^S:i;;.'    S^ly  sandstone  with  stigmaria     ...    4  feet. 
Unexposed    .    . gfeet. 


3ir==- ;—     Bark  blue  slate 18  feet. 


Unexposed 6  feet. 
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This  section  exhibits  all  the  beds  from  the  gypsum  down 
to  the  level  of  the  river.  Overlying  the  gypsum  was  a  heavy 
deposit  of  drift  clay  and  gravel,  forming  the  upper  slope  of 
the  bluff,  and  estimated  at  from  forty  to  fifty  feet  in  thick- 
ness. 

In  the  ravine  about  three  hundred  yards  north  of  Fort 
Dodge,  a  quarry  has  been  opened  in  the  limestone,  affording 
the  following  section  : 

Marly  clay  with  nodnles  of  limestone 4  feet. 

Compact  gray  limestone  :  single  stratum 2  ft.  6  in. 

Marly  clay 2  in. 

Soft  yellow  sandstone 7  feet. 

Band  of  magnesian  limestone 2  feet. 

Arenaceous  limestone  :  single  stratum 1  ft.  6  in. 

Compact  gray  limestone  in  strata  from  4  to  16  inches  thick,  4  ft.  6  in. 

Arenaceous  limestone  :  single  stratum 2  feet. 

Unexposed 6  feet. 

This  is  undoubtedly  the  concretionary  limestone  bed  so 
frequently  met  with  on  the  Lower  Des  Moines ;  and  con- 
sequently Fort  Dodge  occupies  exactly  the  same,  geological 
horizon  as  Ottumwa,  Eddyville  and  Keosauqua.  At  this 
quarry  no  fbssils  were  obtained ;  but  near  the  mouth  of  Li- 
zard creek,  on  the  opposite  side  of  the  river,  the  marly  clay 
overlying  the  limestone  is  filled  with  Spirifer  and  Terebratula^ 
identical  with  those  bbtained  at  Ottumwa  and  Keosauqua. 

This  limestone  is  well  adapted  to  economical  purposes, 
and  these  quarries  are  capable  of  yielding  an  inexhaustible 
supply  of  excellent  building  material.  The  manufacture  of 
lime  must  at  no  distant  day  become  a  source  of  profit  to  this 
place ;  as  the  whole  region  bordering  on  the  Des  Moines, 
from  this  to  Redrock,  appears  to  be  entirely  destitute  of  good 
limestone.  Overlying  this  limestone  at   the  quarry  was  a 
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heavy  deposit  of  drift,  forming  a  slope  from  sixty  to  eighty 
feet  in  height,  and  entirely  concealing  the  overlying  strata. 
Between  this  quarry  and  the  mouth  of  the  creek,  large  blocks 
of  gypsum  were  observed  lying  in  the  bed  of  the  stream, 
which  had  probably  fallen  down  from  the  hill  above. 

About  one  mile  above  Fort  Dodge,  this  limestone  crops 
out  along  the  river  bank,  and  is  overlaid  by  the  following 
beds  : 

Gypsum  . 6  feet. 

Unexposed        6  feet. 

White  and  ferruginous  sandstones    .  25  feet. 

Dark  blue  slate 20  feet. 

Ferruginous  sandstone 5  feet. 

Unexposed 4  feet. 

Limestone 15  feet. 

From  a  comparison  of  the  above  section  with  the  one  made 
five  miles  below  Port  Dodge,  where  the  gypsum  beds  were 
first  seen,  it  will  be  observed  that  the  gypsum  is  not  con- 
formable to  or  intercalated  in  the  Coal  measures,  but  rather 
overlies  them ;  and  the  very  interesting  question  suggests 
itself  at  once,  as  to  the  age  or  formation  to  which  it  properly 
belongs.  Lying  as  it  does  at  the  base  of  the  drift  formation, 
it  has  suffered  materially  from  the  denuding  influences  of 
that  period;  and  the  superincumbent  strata,  if  any  were 
originally  deposited,  which  would  give  a  clue  to  its  true 
position,  have  been  entirely  swept  away,  and  the  record 
obliterated.  Nevertheless  it  is  to  be  hoped  that  a  more  ex- 
tended examination  over  the  region  occupied  by  this  in- 
teresting formation  will  throw  sufficient  light  upon  the  sub- 
ject, to  enable  us  to  determine  its  age  with  some  degree  of 
certainty.  As  no  attempt  has  been  yet  made  to  determine 
the  extent  of  this  gypsum  deposit,  it  may  perhaps  be  con- 
sidered premature  to  speak  of  its  value  in  an  economical 
[Iowa  Suevit.]  23 
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point  of  view ;  but  from  what  is  already  known,  there  is 
very  little  doubt  but  that  Iowa  contains  gypsum  enough  to 
supply  the 'whole  Mississippi  valley  for  centuries  to  come. 
Nearly  opposite  Port  Dodge,  on  the  opposite  side  of  the 
river,  the  limestone  disappears  with  a  southwesterly  dip,  and 
is  overlaid  by  the  rocks  of  the  Coal  measures,  giving  the 
following  section  : 


Fio.  26. 


Band  of  pink  clay 6  inches. 

Black  slate,  with  septaria     ...  6  feet. 

Coal     . 2  ft.  6  in. 

Gray  shaly  clay 8  ft.  6  in. 

Unexposed 6  feet. 

Black  slate,  with  nodules  of  iron  ore,  8  feet. 

Green  shaly  clay      .     .     .     .     .     .  4  ft.  6  in. 

Unexposed 4  feet. 


jQ;>W  ^\:;^^ ";g?:r^^^V-~^     Sandstone  extending  into  the  river,    2  feet. 


About  two  hundred  yards  below  this  point,  the  coal  seam 
is  thrown  down  by  the  dip  of  the  beds  within  a  few  feet  of 
the  river  level,  and  a  drift  had  just  been  commenced  in  it 
by  Mr.  Colburn.  The  coal  in  the  mouth  of  the  drift  was  from 
twenty-eight  to  thirty  inches  thick,  with  a  band  of  slate 
four  inches  thick  near  the  middle  of  the  seam.  Over  the  coal 
is  a  band  of  cannel  coal  about  two  inches  thick,  which 
is  overlaid  by  about  two  feet  of  black  slate  approaching 
cannel  coal  in  its  appearance.  The  coal  dips  here  to  the 
southwest  at  a  slight  angle. 

The  septaria  in  the  black  slate  of  the  above  section  close- 
ly resembles  a  hydraulic  limestone  in  its  appearance,  and 
contains  a  few  fossil  shells  and  joints  of  Crinoidea. 

Along  the  bed  of  Lizard  fork,  for  half  a  mile  above  the 
mouth,  the  limestone  and  overlying  marl  forms  a  bluff  twenty- 
five  to  thirty  feet  in  height.  A  thin  band  of  homstone  is 
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intercalated  in  the  limestone  here,  containing  casts  of  Nu- 
culay  Productus  and  Bellerophon.  The  marl  bed  above  contains 
three  or  four  species  of  Terebratulay  a  Spirifer^  and  the  tail 
of  a  trilobite. 

In  these  examinations  on  the  Des  Moines  river,  from  its 
mouth  to  Fort  Dodge,  I  have  been  unable  to  detect  any  evi- 
dence of  the  numerous  faults  and  dislocations  of  the  strata, 
which  Dr.  Owen,  in  his  Report  on  the  Geology  of  the  North- 
west, remarks  as  characteristic  of  the  rocks  in  this  region. 
Indeed  I  have  seen  no  evidence  of  the  occurrence  of  a  single 
fault,  either  in  the  beds  belonging  to  the  Coal  measures,  or 
in  the  underlying  limestones.  On  the  contrary,  I  am  con- 
strained to  believe  that  the  differences  of  level  at  which  the 
same  beds  appear  at  various  localities  are  not  due  to  faults 
or  dislocations  of  the  strata,  but  rather  to  the  undulations 
of  the  imderlying  limestones,  and  the  consequent  irregular 
surface  upon  which  the  Coal  measures  have  been  deposited. 

The  concretionary  limestone,  which  everywhere  in  this 
region  underlies  the  coal,  seems  to  have  been  a  very  irregu- 
lar deposit,  its  surface  in  many  cases  forming  troughs  or 
depressions  in  which  the  Coal  measiures  were  afterwards 
deposited ;  and  it  is  quite  probable  that  all  the  coal  on  the 
north  side  of  the  Des  Moines  river  occurs  in  this  way  in 
detached  isolated  patches  or  basins,  some  of  them  at  least 
of  very  limited  extent,  and  bounded  by  the  outcroppings 
of  the  underlying  limestones.  This  point,  however,  can  only 
be  satisfactorily  determined  by  a  very  minute  and  careful 
examination  of  all  the  exposures  to  be  seen  along  the  streams 
and  water-courses  between  the  Des  Moines  and  the  Iowa 
rivers.  The  coal  seams  outcropping  on  the  north  side  of 
the  Des  Moines,  so  far  as  they  have  fallen  under  my  notice, 
are  usually  thin,  rarely  more  than  two  and  a  half  to  three 
feet  in  thickness,  and  consequently  cannot  be  profitably 
wrought  in  competition  with  those  of  greater  thickness. 
The  only  locality  I   have  seen   which  may  be  considered 
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as  an  exception  to  this,  is  Martin'ii  coal  bank  near  Hillsbo- 
rough, where  the  two  lower  seams,  one  three  and  the  other 
four  feet  thick,  approach  so  near  as  to  be  wrought  as  one 
seam.  It  is  toJ)e  hoped,  however,  that  further  examinations 
may  bripg  to  light  other  localities,  where  coal  may  Be  ob- 
tained with  equal  facility  :  if  they  should  not,  then  Iowa 
must  depend  on  the  region  south  and  west  of  the  Des  Moines 
for  a  future  supply  of  mineral  fuel. 

From  Fort  Dodge,  my  instructions  were  to  proceed  east 
on  the  route  towards  Dubuque,  to  meet  Mr.  Whitney,  who 
was  expected  to  leave  the  latter  point  about  this  time,  and 
thus  together  construct  a  section  from  Fort  Dodge  to  the 
Mississippi. 

The  first  rocks  seen  in  place  on  this  route  were  on  Boon 
river  near  Webster  city,  where  the  same  limestone  seen  at 
Fort  Dodge  was  found  in  place,  forming  a  bluff  exposure  of 
fifteen  to  twenty  feet  in  thickness,  and  passing  upward  into 
a  soft  sandstone.  The  overlying  beds  were  concealed  in  the 
slope  of  the  hill.  From  this  point,  no  rocks  were  seen  until 
reaching  the  Falls  of  the  Iowa,  where  the  following  section 
was  made  : 

Massiye  brown  arenaceous  limestone       .     , 25  feet. 

Alternating  bands  of  light  gray  and  brown  limestone,  the 

light  gray  bands  semioolitio 14  ft.  6  in. 

Compact  gray  limestone  resembling  the  lithographic  limestone,  9  feet. 

Unexposed 4  feet. 

Overlying  these  beds  on  the  slope  of  the  hill,  a  thinbeddei 
arenaceous  buflf-colored  rock  is  thrown  out  in  digging  cellars 
in  the  west  part  of  the  town.  The  lower  limestone  is  thin- 
bedded;   the   strata  varying   from  one  to  eight  inches  in- 
thickness,  and  without  fossils. 

The  overlying  bed  consists  of  four  or  five  bands  of  ligh't 
gray  and  brown  limestone,  containing  a  few  fossils,  amou] 
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which  were  a  small  Atrypa^  a  EuomphaluSy  and  a  few  cya- 
thophylla-like  corals.  The  massive  brown  limestone  at  the 
top  of  the  section,  as  well  as  the  buflP-colored  arenaceous  rock 
above,  seemed  to  be  entirely  destitute  of  fossils  at  this  point. 
The  two  lower  beds  I  am  disposed  to  refer  to  the  Chemung, 
and  the  upper  one  is  perhaps  the  representative  of  the  brown 
limestone  forming  the  base  of  the  Burlington  crinoidal  beds. 
At  several  points  between  Iowa  falls  and  Cedar  falls,  the 
buff-colored  arenaceous  rock  overlying  those  in  the  above 
section  is  seen  to  outcrop  along  the  ridges  and  in  the  beds 
of  the  streams. 

At  Cedar  falls,  the  only  rocks  exposed  are  in  the  bed  of 
the  river,  forming  a  ripple  across  the  stream  at  this  point. 
The  lowest  stratum  exposed  is  a  brown  arenaceous  limestone 
from  fifteen  to  eighteen  inches  in  thickness,  overlaid  by 
some  thin  strata  of  buff  and  gray  limestone.  No  fossils  were 
detected  in  the  rocks  here,  and  the  exposure  was  not  sufficient 
to  afford  an  interesting  section. 

At  Independence  on  the  Wapsipinicon,  a  bed  of  gray 
brecciated  limestone  is  exposed  in  the  bed  of  the  river  just 
below  the  dam.  This  bed  contains  a  few  fossils,  among  which 
were  Atrypa  reticularis ^  A.  spinosaj  and  two  or  three  species 
of  Spirifer  identical  with  those  found  in  the  Hamilton  beds 
at  New-Buffalo  and  Rock  island.  The  fossils  were  not  re- 
gularly distributed  through  the  bed,  but  the  mass  seemed  to 
be  made  up  of  fossiliferous  and  non-fossiliferous  strata  broken 
up  and  recemented.  In  its  brecciated  character,  it  bears 
considerable  resemblance  to  the  beds  just  above  Davenport. 

At  the  quarries  half  a  mile  east  of  the  town,  the  rock  is 
more  evenly  bedded,  and  is  filled  with  fossils,  among  which 
were  several  species  of  corals  identical  with  those  common 
at  New-Buffalo.  This  bed  was  traced  east  as  far  as  Pine  creek, 
and  south  to  Quasqueton  twelve  miles  below. 
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Meeting  with  Mr.  Whitney  at  this  point,  it  was,  on  con- 
sultation, thought  best  that  I  should  proceed  south  to  the 
Iowa  river,  and  make  such  examinations  as  the  time  would 
permit  of  the  coal  seams  outcropping  on  that  stream. 

After  leaving  Quasqueton,  for  several  miles  the  Hamilton 
rocks  showed  themselves  at  short  intervals  in  the  beds  of 
the  small  creeks,  and  sometimes  even  from  the  sides  of  the 
low  ridges  on  the  prairies.  The  Drift  deposit,  with  the  excep- 
tion of  surface  boulders,  seemed  to  be  almost  entirely  absent 
over  a  considerable  portion  of  the  country  traversed  between 
the  Falls  of  the  Iowa  and  Cedar  rapids ;  and  the  artificial 
sections  along  the  way  exhibited  only  a  few  feet  of  loose 
material  composed  of  the  debris  of  the  rocks  in  the  imme- 
diate neighborhood,  rather  than  of  those  at  a  distance. 

Two  and  a  half  miles  below  Cedar  rapids,  on  the  Iowa  city 
road,  a  perpendicular  cliff  of  rock  formsi  a  bluflf  on  the  south 
side  of  the  river  from  thirty  to  forty  feet  in  height.  This 
consists  of  a  brownish  gray  cherty  limestone,  resembling  in 
its  lithological  characters  the  lower  portion  of  the  Burlington 
limestone,  but  contained  no  fossils  at  this  point  by  which  it 
could  be  identified.  A  few  miles  north  of  Iowa  city,  heavy 
drift  deposits  of  clay  and  gravel  again  appear,  and  continue 
to  form  high  ridges  and  hills  along  the  water-courses. 

Thursday,  November  6,  I  reached  Iowa  city ;  and  on  the 
next  day,  a  heavy  fall  of  snow,  covering  the  ground  to  the 
depth  of  six  to  eight  inches,  put  an  end  to  further  operations 
for  the  season. 

A.  H.  WORTHEN,  AssUtani  Gtologid. 
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REPORT  OF  A.  H.  WORTHEAT, 

Assist  ART  Gbologist^ 
FOR  THE  YEAR  1857 ; 

XMBRACIKG  THB  RESULTS  07  HIS  SXAMIKATIOKS  IN  THB  COUNTIES  OJP  LEB,  DB8- 
XOINBS,  HENBT,  TANBVBBN,  JBFFBBSON,  WASHINOTON,  AND  WAPELLO*. 


TO  PROF.  JAMES  HALL, 

Statb  Gsoloout. 

Sir  :  The  following  report  is  respectfully  subnutted  as  the 
result  of  the  detailed  examinations,  made  under  your  instructions 
daring  the  present  season,  in  some  of  the  southeastern  counties  of  the 
State.  Although  the  time  allotted  for  this  work  did  not  permit  me  to 
visit  every  locality  within  the  district  examined,  nevertheless  it  is 
believed  to  be  sufficiently  minute  for  all  practical  purposes. 

A.  H.  WORTHEN,  Jluutant  Gtotogist. 
Wanaw  (JKtnoM),  November  1857. 


*  The  examinations  in  Davis  county  were  bat  partially  completed  at  the  commence- 
ment of  snow,  and  are  not  reported  upon  at  this  time. 
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LEE  COUOTY. 


Lee  County  is  situated  in  the  southeast  corner  of  the  State, 
and  occupies  that  portion  of  territory  lying  immediately 
between  the  Mississippi  and  Des  Moines  rivers;  and  is 
bounded  on  the  east  by  the  Mississippi,  on  the  north  by 
Skunk  river  and  Henry  county,  on  the  west  by  Vanburen 
county,  and  on  the  south  by  the  Des  Moines  river. 

It  has  an  area  of  about  five  hundred  square  miles  of  sur- 
face, which  is  nearly  equally  divided  into  prairie  and  timber, 
and  is  well  watered ;  having,  in  addition  to  the  great  water- 
courses which  nearly  bound  it  on  three  sides,  two  creeks 
known  as  Sugar  creeks,  one  emptying  into  the  Mississippi 
and  the  other  into  the  Des  Moines,  which  traverse  nearly 
the  whole  extent  of  the  county  from  northwest  to  southeast. 
These  streams  furnish  a  large  amount  of  water  power,  espe- 
cially Skunk  river,  upon  which  several  mills  have  been  in 
successful  operation  since  the  earliest  settlement  of  the 
country.  The  construction  of  dams  on  the  Des  Moines  river, 
for  the  purpose  of  improving  the  navigation,  will  create  an 
extensive  water  power  at  such  points ;  and  three  of  these 
are  now  under  progress  within  the  limits  of  this  county. 

The  prairies  have  a  rolling  or  undulating  surface,  and  are 
covered  by  a  rich  black  loamy  soil  from  one  to  four  feet  in- 
depth,  unsurpassed   in  fertility  by  any  territory  of  equal 
extent  in  the  State. 

The  timber  on  the  uplands  consists  of  black,  white  and 
red  oak,  linden,  hickory  and  cherry ;  while  upon  the  bottom 
lands  we  find,  in  addition  to  those  above  named,  black  and 
white  walnut,  ash,  hackberry,  buckeye,  sugar  and  white 
maple,  cottonwood,  sycamore,  and  honey  locust. 

The  following  section  exhibits  the  difierent  geological 
formations  exposed  in  Lee  county,  with  their  true  strati- 
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graphical  position ;  and  are  noted  in  the  order  in  which  they 
occur,  beginning  with  the  upper. 

Allavium. 

Drift  or  Boulder  formation 50  -  185  feet. 

Coal  measures I   ^0  f    t 

Shale  and  sandstone  with  coal  seam     ....      )  ^^  ' 

Concretionary  limestone 40  feet. 

(  Arenaceous  limestone 10  feet. 

}  Marly  clays  and  impure  limestones,  with  Fenestella 

(      (Archimedes) 20  feet. 

Magnesian  limestone 12  feet. 

Geode  bed 45  feet. 

Keokuk  limestone 25  feet. 

Cherty  limestone 40  feet. 

Burlington  crinoidal  limestone 80  feet. 

Chemung  gritstones  and  Oolitic  limestone     ...  20  feet. 

The  term  alluvium  is  made  to  include  those  deposits  that 
have  been  formed  since  the  present  order  of  things,  and 
which  do  not  contain  the  remains  of  extinct  species  of  ani- 
mals or  plants  in  a  fossil  state.  This  includes  the  soil  and 
subsoil  of  the  uplands,  and  the  deposits  along  the  creeks  and 
rivers  termed  *  bottoms',  and  consequently  forms  the  sur&ce 
everywhere  except  where  it  may  have  been  removed  by  the 
action  of  water.  Nearly  the  whole  of  Greenbay  township,  in 
the  northeast  corner  of  the  county,  is  composed  of  alluvial 
bottom  lands,  and  is  by  far  the  most  valuable  deposit  of  this 
kind  in  the  county.  This  bottom  was  once  subject  to  overflow 
at  periods  of  high  water;  but  by  a  judicious  system  of 
leveling,  it  is  now  secured  from  inundation,  except  in  seasons 
of  extraordinary  flood ;  and  in  point  of  fertility,  it  is  hardly 
excelled  by  the  far-famed  bottom  lands  of  the  Miami. 

There  are  no  lands  in  Lee  county,  or  perhaps  in  the  State 
[Iowa  Survbt.]  24 
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of  Iowa,  capable  of  producing  as  great  an  amount  of  human 
food  to  the  acre  as  those  of  the  Greenbay  bottoms.  The  in- 
habitants were  formerly  subject  to  periodical  attacks  of  chill 
and  fever ;  but  since  the  surface  has  been  generally  brought 
under  cultivation,  and  swampy  portions  cleared  out  and  pro- 
perly drained,  they  have  enjoyed  as  good  health  generally 
as  those  living  on  the  high  lands  adjacent. 

Between  Fort  Madison  and  Montrose  there  is  a  belt  of 
what  may  be  termed  high  bottoms,  or  terrace  lands  from 
three  to  four  miles  in  width,  which  seem  to  belong  to  an 
older  period  than  those  just  described,  and  consisting  of  beds 
of  sand  .and  gravel,  the  surface  of  which  is  from  twenty  to 
thirty  feet  above  the  present  high-water  level  of  the  river, 
and  yet  bear  strong  marks  of  having  been  deposited  by  river 
floods  when  the  bed  of  the  Mississippi  was  at  a  considerably 
higher  level  than  it  occupies  at  present.  As  an  evidence  that 
the  river  along  the  rapids  once  occupied  a  much  higher  level, 
we  have  the  fact  that  a  band  of  Uniones  (river  mussels) 
extends  on  both  sides  of  the  river,  at  an  elevation  of  from 
fifteen  to  twenty  feet  above  the  present  high-water  mark, 
nearly  the  whole  distance  from  Nauvoo  to  Keokuk.  Just 
below  the  Mansion  House  Nauvoo,  this  mussel  band  is 
twenty-five  feet  by  measurement  above  the  ordinary  water 
level  of  the  river.  This  band  consists  of  waterworn  shells, 
of  the  same  species  with  those  now  living  in  the  river,  in 
many  places  from  twelve  to  eighteen  inches  thick ;  the  shells 
worn  perfectly  white,  and  having  the  appearance  of  a  white 
belt  drawn  along  either  shore.  I  know  of  no  way  to  account 
for  this  shell  band  along  the  rapids,  except  on  the  supposition 
that  it  marks  what  was  once  the  low-water  level  of  the 
Mississippi  river. 

Some  of  the  ridges  on  this  high  bottom  are  covered  with 
sand,  and  destitute  of  soil ;  but  the  greater  portion  is  well 
adapted  to  the  growth  of  corn,  from  the  great  amount  of 
siliceous  material  contained  in  the  soil. 
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DRIFT  OR  BOULDER  FORMATION. 

This  deposit  covers  all  the  high  lands  in  the  county,  and 
varies  in  thickness  from  fifty  to  one  hundred  and  eighty-five 
feet.  It  is  mostly  composed  of  clay  and  gravel  with  occasional 
beds  of  sand,  and  is  deposited  without  much  regularity  of 
stratification,  and  contains  many  worn  and  rounded  masses 
of  granite,  gneiss,  porphyry,  hornblende  and  other  primary 
rocks,  together  with  limestone,  sandstone,  bits  of  coal  and 
slate,  all  of  which  have  been  transported  from  points  more 
or  less  remote  from  their  present  locality-  Fragments  of 
galena  and  native  copper  have  also  been  found  in  it ;  but  this 
should  not  be  regarded  as  an  indication  of  the  existence  of 
any  workable  bed  of  these  minerals  in  the  vicinity,  as  it  only 
proves  that  a  portion  of  the  materials  composing  the  drift 
has  been  transported  from  a  region  where  these  minerals 
abounded. 

The  only  materials  of  economical  value  to  be  obtained  from 
the  Drift  deposits  are  sands  and  clays.  Sand  of  an  excellent 
quality,  suitable  for  moulder's  use  and  cement,  may  be  ob- 
tained in  the  river  bluffs  in  abundance;  and  occasionally 
beds  of  clay,  sufficiently  pure  for  potter's  use,  may  be  pro- 
cured from  this  formation. 

The  best  wells  of  water  are  to  be  obtained  by  sinking  to 
the  subterranean  streams  that  percolate  through  the  sandy 
strata  of  this  deposit.  Usually,  on  the  prairies,  good  water 
may  be  reached  from  twenty  to  forty  feet  below  the  surface. 

In  the  bluffs  immediately  above  Fort  Madison,  this  deposit 
attains  its  maximum  thickness  of  one  hundred  and  eighty- 
five  feet  above  the  river  level.  The  lower  portion  consists  of 
a  compact  blue  clay,  containing  a  few  pebbles  :  this  passes 
into  a  marly  ash-colored  clay,  which  is  overlaid  by  irregular 
beds  of  sand,  and  these  by  beds  of  yellowish  clay  with 
boulders.  These  bluffs  occupy  what  seems  to  have  been  an 
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ancient  basin  excavated  in  the  limestone  at  a  period  antece- 
dent to  the  Drift  formation,  and  by  causes  which  ceased  to 
operate  before  the  commencement  of  the  Drift  period.  The 
limestones  which  on  the  east  side  of  the  river  form  high 
bluffs  extending  to  the  river  bank,  are  entirely  absent  on  the 
west,  and  their  place  is  now  occupied  by  the  substitution 
of  drift  material.  The  valley  thus  scooped  out  of  the  solid 
rocks  extends  from  Montrose  to  the  mouth  of  Skunk  river, 
and  is  from  six  to  eight  miles  in  width.  The  eastern  portion 
of  this  ancient  basin,  except  the  bluffs  on  the  river  above 
Fort  Madison,  is  now  covered  by  the  alluvial  deposits  before 
mentioned,  while  the  western  part  is  occupied  by  deposits  of 
drift  material  from  one  hundred  to  one  hundred  and  eighty- 
five  feet  in  thickness.  That  this  valley  was  formed  by  ancient 
currents  previous  to  the  Drift  period  is  proved  by  the  fact 
that  a  considerable  portion  of  it  is  now  occupied  by  deposits 
of  that  age,  and  which  must  have  been  formed  after  those 
currents  ceased  to  act. 

Fossils.  The  only  fossils  obtained  as  yet  from  the  Drift 
formation  of  this  region  are  a  few  shark's  teeth  and  a  frag- 
ment of  siliceous  wood,  which  probably  belong  to  a  period 
somewhat  older  than  the  drift,  and  have  been  transported 
from  some  Tertiary  or  Cretaceous  deposit  over  which  the 
drift  has  passed. 


COAL  MEASURES. 

The  rocks  belonging  to  this  formation,  occurring  in  this 
county,  consist  usually  of  a  quartzose  sandstone  at  the  base, 
on  which  rests  a  thin  seam  of  coal  with  its  underclay  :  the 
coal  is  almost  invariably  overlaid  by  black  slate,  and  the 
whole  covered  with  a  bed  of  grey  shale.  The  following  sec- 
tion shows  the  order  of  superposition  of  these  strata  : 
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Grey  shale,  sometimes  ferruginous. 

Black  slate. 

Coal. 

Underclay. 

Quartzose  sandstone. 

These  beds  always  rest  upon  the  Concretionary  limestone, 
which  in  this  region  forms  the  upper  member  of  the  Moun- 
tain limestone  series.  All  the  deposits  of  the  Coal-bearing 
period  which  occur  in  this  county  are  found  in  detached 
patches  or  outliers  from  the  main  coal  basin,  and  are  of 
limited  extent,  seldom  occupying  more  than  two  or  three 
square  miles  of  surface  ;  while  the  coal  seam  is  too  thin  to 
be  profitably  wrought,  and  the  coal  itself  of  an  inferior 
quality. 

The  most  promising  of  these  coal  deposits  yet  found  in 
Lee  county  is  on  Section  16  in  Pleasantridge  township,  on 
the  lands  of  Mr.  Noreis.  The  coal  here  is  said  by  the  work- 
men to  be  from  twenty-four  to  thirty-four  inches  thick ;  but 
at  the  time  of  my  visit  to  the  locality  it  could  not  be  exa- 
mined satisfactorily,  as  the  old  diggings  were  full  of  water, 
and  in  the  new  they  had  not  yet  reached  the  coal.  It  is  not 
probable,  however,  that  any  thing  like  a  supply  of  coal  can 
be  obtained  in  this  vicinity,  except  for  the  use  of  the  neigh- 
borhood immediately  around  it. 

Coal  has  also  been  obtained  a  half  mile  west  of  Tuscarora 
in  Marion  township,  and  west  and  southwest  of  West-point, 
and  within  a  mile  and  a  half  or  two  miles  of  the  town ;  but 
neither  the  quantity  or  quality  of  the  coal  justifies  the 
working  of  the  seam  at  these  points. 

In  the  bluffs  on  the  Nassau  slough,  two  miles  below  Keo- 
kuk, an  outlier  of  the  same  kind  occurs ;  but  the  coal  is  only 
a  few  inches  in  thickness,  and  valueless  for  economical 
purposes. 
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The  upper  layer  of  the  bluffs,  for  a  mile  below  the  town 
of  Nashville,  consists  of  the  quartzose  sandstone  which  forms 
the  base  of  the  Coal  measures,  and  is  here  from  fifteen  to 
twenty  feet  in  thickness.  No  coal,  however,  is  at  present 
known  to  occur  in  this  neighborhood.  It  is  probable  this 
sandstone  was  once  connected  with  the  outliers  of  coal  which 
exist  on  the  opposite  side  of  the  river  in  Hancock  county, 
Illinois.  It  appears  to  withstand  the  action  of  frost  very 
well,  the  rock  in  the  bluff  presenting  sharp  angles  where  it 
has  been  long  exposed,  and  its  massive  character  renders  it 
well  adapted  to  purposes  of  heavy  masonry. 


CONCRETIONARY  LIMESTONE. 

This  member  of  the  Mountain  limestone  series  forms  the 
surface  rock,  when  the  superficial  material  is  removed,  over 
at  least  three-fourthfl  of  the  county,  and,  hence,  in  econo- 
mical value,  becomes  one  of  the  most  important  limestone 
deposits.  It  forms  the  upper  portion  of  the  bluffs  from  Croton 
on  the  Des  Moines  to  Montrose  on  the  Mississippi ;  and,  in 
the  southeastern  part  of  the  county,  is  an  irregularly  bedded, 
brecciated  and  concretionary  limestone  of  a  steel  or  bluish 
grey  color,  passing  upward  into  a  regularly  bedded,  nearly 
white,  compact  lilnestone  at  the  top.  It  is  by  fiur  the  purest 
limestone  in  the  county,  and  hence  forms  the  best  resource 
for  the  burning  of  quicklime.  Its  concretionary  character  in 
this  part  of  the  county  renders  it  of  little  value  as  a  building 
material ;  but  in  its  more  northerly  and  western  extension, 
it  becomes  more  regularly  bedded  in  strata  from  two  to 
twelve  inches  in  thickness,  and  is  extensively  used  in  the 
interior  and  northwestern  jxortions  of  the  county  for  building 
purposes. 

In  Franklin,  Marion,  Westpoint  and  Pleasantridge  town- 
ships, this  rock  may  be  obtained  in  great  abundance  on  North 
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Sugar  creek  and  the  small  tributaries  of  Skunk  river ;  and 
in  Charleston  and  Desmoines  townships,  it  is  found  on  the 
South  or  Sugar  creek  of  the  Des  Moines. 

In  the  bluflFs  of  the  Des  Moines,  at  the  town  of  Croton, 
the  bed  exhibits  both  its  most  characteristic  features  :  the 
lower  portion,  for  fifteen  to  twenty  feet  in  thickness,  is 
concretionary  and  brecciated,  with  irregular  seams  of  green 
marly  clay ;  while  above  it  becomes  a  regularly  bedded  light 
grey  limestone  in  strata  from  six  to  twenty  inches  in  thick- 
ness, the  upper  layers  having  an  oolitic  structure.  The  ma- 
terial for  the  construction  of  the  lock  at  this  point  was  ob- 
tained from  the  upper  part  of  this  bed  and  the  sandstone 
above  it. 

The  changes  in  the  lithological  characters  of  this  bed, 
which  form  one  of  its  most  striking  peculiarities,  probably 
led  Dr.  Owen  into  the  erroneous  supposition  that  there  were 
two  distinct  beds  of  Concretionary  limestone,  which  he  has 
represented  in  his  general  section  with  a  bed  of  sandstone 
between. 

Fossils.  The  only  fossil  obtained  from  this  bed  in  this 
county,  and  the  one  which  may  be  regarded  as  most  charac- 
teristic of  it  everywhere,  is  the  coral  known  as  Lithostrotion 
canadense  of  Castelkau,  or  Lithostrotion  basaltiforme  of  Owen, 
which  weathers  out  from  it  almost  everywhere,  and  is  found 
in  detached  masses  in  the  beds  of  streams  where  this  rock 
is  exposed.  From  Southern  Iowa  to  Northern  Alabama,  this 
fossil  forms  a  well-marked  and  reliable  horizon  for  the  de- 
termination of  the  position  of  geological  strata,  making  its 
appearance  wherever  rocks  of  this  age  are  to  be  found. 

These  corals  are  always  siliceous,  and  weather  out  from 
the  limestones  in  so  perfect  a  state  of  preservation  that  those 
unacquainted  with  the  subject  can  scarcely  believe  that  they 
were  ever  imbedded  in  the  solid  limestone  strata. 
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WARSAW  ARCHIMEDES  LIMESTONE. 

This  deposit  is  not  very  extensively  developed  in  Iowa ; 
disappearing  in  a  northerly  and  westerly  direction  shortly 
after  leaving  the  mouth  of  the  Des  Moines  river,  either  by 
wedging  out,  or  by  merging  in  the  concretionary  bed  above. 
On  the  east  side  of  the  Mississippi  it  is  a  well-marked  mem- 
ber of  the  group,  and  retains  its  lithological  character  for  at 
least  one  hundred  miles,  or  to  near  the  mouth  of  the  Illinois 
river. 

In  the  bluffs  of  the  Mississippi  just  above  the  mouth  of 
the  Des  Moines,  this  bed  may  be  seen  in  place.  The  upper 
portion  consists  of  a  massive  arenaceous  limestone  from  ten 
to  twelve  feet  in  thickness,  underlaid  by  blue  marly  clays 
with  irregular  bands  of  impure  limestone ;  and  forming  a 
durable  material  for  heavy  masonry,  the  strata  in  some  cases 
attaining  a  thickness  of  from  two  to  three  feet. 

Fossils.  The  most  characteristic  fossils  of  this  formation 
are  the  screwshaped  coral  Fenestella  (Archimedes)  wortheni^ 
Pentremites  conoideusy  Orthis  dubia^  Rhynchonella  snbcuneatay 
Capulus  acutirostris ;  together  with  many  species  of  Cri- 
noidea,  Bryozoa,  etc.  yet  undescribed. 

MAGNESIAN  LIMESTONE. 

Immediately  below  the  beds  last  mentioned,  we  find  a 
deposit  of  brownish  gray  magnesian  limestone,  sometimes 
inclining  to  a  yellowish  color,  usually  deposited  in  massive 
strata  from  one  to  three  feet  in  thickness. 

Although  this  bed  seldom  exceeds  ten  or  twelve  feet  in 
thickness,  it  has  afforded  a  large  amount  of  material  for 
heavy  masonry  :  it  has  been  used  in  the  construction  of  the 
locks  at  several  points  on  the  Des  Moines,  and  is  admirably 
adapted  to  works  of  that  kind,  where  strength  and  durability 
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are  mainly  required.  When  first  taken  from  the  quarry,  it  is 
soft  enough  to  be  cut  with  facility,  but  hardens  on  exposure 
and  becomes  exceedingly  durable. 

This  rock  may  be  quarried  almost  anywhere  in  the  bluffs 
of  the  Des  Moines  below  Croton,  as  well  as  along  the  Mis- 
sissippi from  Keokuk  to  Montrose.  Above  this  point  it  was 
not  seen  presenting  its  usual  characters ;  and  at  Judy's  mill 
on  Sugar  creek,  the  most  northerly  point  where  it  was 
observed,  it  was  represented  by  about  four  or  five  feet  of 
brown  shelly  limestone.  It  is  probable  that  it  thins  out  en- 
tirely at  some  point  not  much  north  of  Skunk  river. 

Fossils.  The  most  conspicuous  fossils  belonging  to  this  bed 
are  a  large  Conulariay  a  Linguhy  and  the  palate  bones  of 
fishes ;  all  of  which  are  at  the  present  time  undescribed. 


GEODE  BED. 

Below  the  Magnesian  limestone,  we  find  a  deposit  of  marly 
clays  and  argillaceous  limestones  filled  with  spherical  masses 
of  siliceous  material,  termed  geodes ;  many  of  which  are 
hollow,  and,  on  being  broken,  present  magnificent  crystals 
of  quartz,  calc  spar,  dolomite,  zinc  blende  and  iron  pyrites, 
as  well  as  mammillary  and  botryoid  forms  of  chalcedony. 

This  bed  affords  nothing  of  economical  value,  and  contains 
no  fossils  except  where  there  is  an  intercalation  of  thin 
bands  of  limestone. 


KEOKUK  LIMESTONE. 

The  beds  of  rock  to  which  this  name  has  been  given, 

consist  of    regularly  stratified   bluish   grey  limestones  in 

strata  from  four  inches  to  two  feet  in  thickness,  with  seams 

of  chert  and  blue  marly  clay  between.  This  has  been  ex- 
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tensively  quarried  in  the  vicinity  of  Keokuk,  and  used  for 
building  purposes,  to  which  it  is  well  adapted.  One  stratum, 
near  the  base  of  the  quarries,  is  a  semicrystalline  light-grey 
crinoidal  limestone,  usually  quite  free  from  chert  :  being 
susceptible  of  a  fine  polish,  it  is  well  adapted  for  cutting, 
and  is  generally  used  for  caps  and  sills.  A  mill  was  erected 
some  two  years  since  at  the  lower  end  of  the  city,  for  the 
purpose  of  sawing  this  rock  into  the  various  forms  required ; 
but  the  siliceous  character  of  the  imbedded  fossils,  even 
when  the  rock  itself  appears  free  from  chert,  renders  it 
unsuitable  for  that  purpose,  and  the  undertaking  was  soon 
abandoned. 

This  bed  of  rocks  forms  the  base  of  the  bluffs  from  the 
mouth  of  the  Des  Moines  to  Montrose,  and  is  also  exposed 
on  Lost  creek  one  mile  and  a  half  southeast  of  Denmark, 
where  extensive  quarries  have  been  opened  on  the  lands  of 
Mr.  M'NiBL.  It  is  extensively  used  in  the  vicinity  of  Keokuk 
for  making  quicklime  ;  but  as  a  material  for  that  purpose,  I 
regard  it  as  inferior  to  the  Concretionary  limestone  above  it. 

Fossils.  This  rock  has  sometimes  been  called  Lower  Ar- 
chimedes limestone,  from  the  fact  that  it  is  the  lowest  bed 
at  present  known  to  contain  fossil  corals  of  that  genus ;  one 
species  of  which,  the  Fenestella  (Archimedes)  owenana,  is  a 
characteristic  fossil  of  this  bed. 

Near  the  upper  part  of  this  limestone,  a  thin  stratum  is 
frequently  found  containing  the  teeth  and  palate  bones  of 
fishes  in  considerable  abundance.  Among  the  well-known 
species  of  fossils  may  be  mentioned  Agaricocrinus  tuberosusj 
Actinocrinus  mississippiensis^  Platycrinus  safordiij  Palechinus 
multipora  ?,  Producttis  semireticulatusy  P.  alternatus,  P.  cora^ 
P.^punctatusj  Spirifer  striatus? ;  with  many  undescribed  spe- 
cies of  Crinoidesd,  Brachiopoda  and  Bryozoa. 
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CHERTY  BEDS. 


Underlying  the  Keokuk  limestones,  we  find  a  bed  some 
forty  feet  in  thickness,  made  up  of  alternations  of  chert  with 
irregular  seams  of  light  grey  limestone,  usually  too  thin  to 
be  of  any  economical  value. 

The  siliceous  material  which  forms  the  greater  portion  of 
this  bed  is  not  sufficiently  free  from  foreign  ingredients  to 
be  of  value  for  any  of  the  uses  to  which  silex  in  its  purer 
forms  is  usually  applied.  It  is  more  or  less  colored  with  oxide 
of  iron,  and,  where  it  decomposes,  forms  a  reddish  brown 
marly  clay. 

This  bed  outcrops  along  the  Mississippi  river  near  the 
water  level,  from  Keokuk  to  Montrose ;  also  on  Lost  creek, 
between  Denmark  and  Wilson's  mill ;  and  caps  the  blufis  at 
South-Augusta,  overlying  the  Burlington  limestones. 

Fossils.  The  fossils  of  this  bed  generally  agree  specifically 
with  those  of  the  Keokuk  limestone,  except  the  Fenestella 
{Archimedes)  owenana,  which  I  have  not  observed  in  it. 

BURLINGTON  CRINOIDAL  LIMESTONE. 

These  beds,  which  form  the  base  of  the  Mountain  lime- 
stone series,  and  which  rest  directly  on  rocks  of  Devonian 
age  equivalent  to  the  Chemung  group  of  New- York,  consist 
of  light-grey  semicrystalline  crinoidal  limestone,  the  strata 
varying  from  four  to  eighteen  inches  in  thickness,  with 
intercalations  of  chert  in  seams  and  lenticular  masses. 

This  bed  forms  the  greater  portion  of  the  river  blufifs  on 
the  south  side  of  Skunk  river,  from  the  nqrth  line  of  Green- 
bay  township,  to  a  point  about  two  iniles  above  Augusta, 
where  it  is  overlaid  by  the  cherty  beds  abovementioned.  It 
also  outcrops  on  Lost  creek  at  Wilson's  mill  on  Section  12 
in  Washington  township,  the  most  southerly  point  where  it 
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has  been  observed  in  this  county.  The  quarries  in  the  vici- 
nity of  Augusta  are  capable  of  yielding  an  almost  unlimited 
amount  of  building  material  of  an  excellent  quality. 

A  more  extended  notice  of  this  limestone,  with  its  cha- 
racteristic fossils,  will  be  given  in  the  report  on  Desmoines 
county,  where  it  outcrops  over  a  much  larger  surface. 

CHEMUNG  GRITSTONES  AND  OOLITIC  LIMESTONE. 

These  beds,  which  are  referable  to  the  Devonian  system, 
outcrop  at  the  base  of  the  bluffs,  beneath  the  Burlington 
limestone,  from  the  lower  end  of  these  bluffs  on  the  south 
side  of  Skunk  river,  to  the  neighborhood  of  Augusta,  where 
they  dip  below  the  river  level  and  disappear.  As  their  out- 
crop is  so  exceedingly  limited  in  this  county,  and  they  yield 
no  material  of  economical  value,  a  more  extended  notice  of 
them  will  be  omitted  for  the  present. 

ECONOMICAL    GEOLOGY. 

Building  and  Flagging  Stones.  Nearly  every  part  of  this 
county  is  supplied  with  good  building  rock,  easily  accessible, 
and  costing  at  the  present  time  no  more  than  the  labor  of 
quarrying.  The  northeastern  portion  of  the  county  is  sup- 
plied from  the  beds  of  crinoidal  limestone  which  outcrop  in 
the  bluff  on  the  south  side  of  Skunk  river,  as  well  as  on  Lost 
creek  in  the  vicinity  of  Wilson's  mill.  This  rock  is  usually 
a  soft  granular  limestone  in  strata  from  six  to  fifteen  inches 
thick,  easily  wrought,  and  well  adapted  for  the  ordinary  pur- 
poses for  which  limestones  are  required.  Some  of  the  layers 
are  semicrystalline  and  susceptible  of  a  good  polish,  and  may 
be  used  as  a  marble.  The  Keokuk  limestone  also  furnishes  an 
abundant  supply  of  good  building  material,  and  is  accessible 
along  the  bluffs  of  the  Mississippi  from  Montrose  to  Keokuk, 
and  also  one  and  a  half  miles  southeast  of  Denmark,  and  at 
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several  points  on  Skunk  and  Des  Moines  rivers.  The  interior 
portion  of  the  county,  however,  is  mostly  supplied  from  the 
Concretionary  limestone  which  outcrops  on  both  Sugar 
creeks,  affording  an  abundant  supply  for  the  middle  and 
western  portions  of  the  county.  This  bed  also  affords  an 
excellent  flagging  stone  in  the  vicinity  of  Denmark,  where 
the  upper  layers  are  somewhat  arenaceous  and  from  two  to 
four  inches  in  thickness. 

Quicklime.  Quicklime  is  made  from  all  the  limestones 
above  named,  though  the  Concretionary  is  undoubtedly  the 
best  adapted  to  this  purpose.  At  Keokuk,  the  city  is  mainly 
supplied  with  this  material  from  the  upper  layers  of  the 
Keokuk  limestones.  Some  layers  of  this  bed,  as  well  as  a 
portion  of  the  Crinoidal  limestone,  afford  a  very  good  lime ; 
but  they  usually  contain  too  much  arenaceous  or  siliceous 
material,  and  require  to  be  selected  with  considerable  care 
when  used  for  the  manufacture  of  lime. 

Clay  and  Sand.  An  inexhaustible  supply  of  these  materials 
for  the  manufacture  of  brick  may  be  obtained  from  the  Drift 
or  Boulder  formation  in  all  parts  of  the  county.  The  clays 
are  accessible  everywhere  at  a  short  distance  below  the 
surface ;  and  the  sands,  which  are  mostly  in  the  middle  and 
lower  part  of  the  deposit,  may  be  obtained  in  the  bluffs  of 
the  streams  and  also  in  their  beds.  Fire  clay,  suitable  for 
the  manufacture  of  fire-brick  and  pottery,  may  usually  be 
obtained  from  the  underclay  of  the. lower  Coal  seam,  outliers 
of  which  are  found  at  several  points  in  this  county. 

Few  coimties  in  the  State  are  more  boimtifuUy  supplied 
with  all  the  elements  of  material  wealth,  than  the  county 
of  Lee ;  having  an  abundant  supply  of  building  stone,  timber 
and  water,  and  a  soil  of  unsurpassed  fertility.  Although  no 
valuable  deposits  of  mineral  wealth  have  been  found  within 
the  limits  of  the  county,  nevertheless  her  citizens  possess  a 
mine  of  wealth  in  the  rich  soil  everywhere  overspreading 
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the  surface,  of  far  more  importance  and  greater  value  than 
the  richest  mineral  deposits,  accompanied  as  such  deposits 
usually  are  with  a  barren  and  unproductive  soil. 

To  those  who  are  desirous  of  ascertaining  whether  coal 
may  be  found  at  any  particular  locality,  I  would  suggest  that 
by  simply  boring  down  to  the  limestone,  the  question  will 
be  definitely  settled,  as  no  workable  coal  seam  has  ever  been 
found  below  the  Concretionary  limestone.  From  the  character 
of  the  outliers  of  coal  in  this  county  which  have  fallen  under 
my  observation,  it  is  not  probable  that  they  will  prove  to  be 
of  any  great  economical  value. 


DESMOINES  eOVlVTY. 

Desmoines  County  is  bounded  on  the  north  by  Louisa  county, 
on  the  west  by  Henry  county,  on  the  south  by  Skunk  river, 
and  on  the  east  by  the  Mississippi.  It  ccmiains  a  superficial 
area  of  about  four  himdred  and  seventy-five  square  miles, 
and  is  well  timbered  and  well  watered ;  having,  besides  the 
rivers  which  bound  it  on  two  sides,  Flint  creek  and  its  tri- 
butaries, which  traverse  the  whole  extent  of  the  county  from 
northwest  to  southeast.  The  surface  is  nearly  equally  divided 
into  timber  and  prairie,  and  the  eastern  portion  is  well  sup« 
plied  with  neverfailing  springs. 

The  timber  upon  the  uplands  consists  of  black  and  white 
oak,  hickory,  elm,  linden  and  cherry;  while  the  bottoms 
sustain  a  heavy  growth  of  black  and  white  walnut,  shellbark 
and  pignut  hickory,  white  and  sugar  maple,  red  and  burr 
and  pin  oak,  elm,  ash,  buckeye,  cottonwood,  sycamore, 
hackberry,  and  honey  locust.  A  more  magnificent  growth  of 
timber  can  scarcely  be  found  in  Southern  Iowa,  than  may 
be  seen  on  Flint  creek  in  this  county. 

Desmoines  county  is  well  supplied  with  building  material, 
having  the  Concretionary  limestone,  the  Keokuk  limestones 
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and  the  Crinoidal  limestones  outcropping  within  the  county, 
and  exposed  along  the  bluffs  of  all  the  water-courses  within 
its  limits.  These  beds  alSbrd  always  an  abundance  of  good 
building  stone ;  and  the  facility  with  which  it  may  be  quar- 
ried, renders  it  the  most  economical  material  for  building 
purposes  that  can  be  used.  Sand  and  clay  suitable  for  brick- 
making  is  also  abundant,  and  accessible  at  almost  every  point 
in  the  county. 

The  following  section  exhibits  the  different  geological 
formations  in  Desmoines  county,  which  will  be  noted  in  the 
order  they  occur  : 

Alluyinm. 

Drift 40 -60  feet. 

Coal  measures 20  feet. 

Concretionary  limestone 30-40  feet. 

Geode  bed 80  feet. 

Keokuk  limestone 40  feet. 

Burlington  crinoidal  limestone       .     .     .  60-80  feet. 
Oolitic  limestone     ........       4-6  feet. 

<     Compact  finegrained  limestone       ...     10  feet. 

Ash-colored  gritstones 25  feet. 

Blue  shaly  clay 80  feet. 

Alluvial  bottom  lands  extend  along  the  Mississippi  river 
from  the  mouth  of  Flint  to  the  north  line  of  the  county, 
varying  in  width  from  one  to  six  miles.  The  lower  end  of 
this  belt  is  heavily  timbered,  while  the  northern  portion  is 
mostly  prairie,  with  the  exception  of  a  narrow  belt  of  timber 
along  the  river.  A  part  of  this  bottom  is  subject  to  overflow 
from  the  river ;  but  the  northern  and  western  portions  are 
above  the  usual  high-water  level,  and  include  some  of  the 
best  lands  in  the  county.  Narrow  belts  of  bottom  land  also 
extend  along  Skunk  river  and  Flint  creek,  and  are  heavily 
timbered,  affbrding  the  most  valuable  timber  lands  in  the 
county. 
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DRIFT  DEPOSIT. 

The  Drift  formation  presents  no  very  marked  features  in 
this  county,  diflFering  from  those  noted  in  the  report  on  Lee 
county,  except  that  it  does  not  usually  attain  a  thickness 
exceeding  sixty  feet.  It  consists  of  partially  stratified  depo- 
sits of  clay,  sand  and  gravel,  with  boulders  of  primary  and 
secondary  rocks  irregularly  distributed  through  the  mass, 
though  usually  most  abundant  in  the  lower  portion.  It  yields 
an  abundant  supply  of  water,  which  may  be  obtained  on  the 
prairie  lands  usually  from  twenty  to  thirty  feet  below  the 
surface ;  and  where  the  country  is  more  broken  along  the 
streams,  the  wells  are  somewhat  deeper,  varying  from  thirty 
to  fifty  feet.  It  affords  a  good  supply  of  sand  and  gravel,  as 
well  as  clay  suitable  for  making  brick. 

This  deposit  covers  all  the  uplands  in  the  county ;  hiding 
the  underlying  rocks  from  view,  except  along  the  beds  of 
the  streams  where  they  have  been  laid  bare  by  the  action 
of  running  water. 

COAL  MEASURES. 

An  outlier  of  coal  occurs  in  Danville  township  on  the 
waters  of  Cedar  creek,  which,  although  it  affords  no  coal  of 
any  value,  yields  an  excellent  clay  suitable  for  fire-brick  and 
for  potter's  use.  Two  pottery  establishments  are  now  in 
successful  operation,  owned  and  conducted  by  the  Messrs. 
Melchee,  whose  ware  is  perhaps  equal  to  any  manufactured 
in  the  West.  The  bed  of  clay,  where  they  have  opened  it, 
varies  in  thickness  from  three  to  seven  feet,  and  has  afforded 
an  abundant  supply  for  several  years  without  drifting,  by 
stripping  off  the  overlying  drift  deposit. 

The  following  beds,  belonging  to  the  Coal  mecksures,  occur 
on  the  southeast  quarter  of  Section  30,  Danville  township  : 
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Fio.  27. 


Bitominons  sUte  and  shale      .    .    10  feet. 


6-12  inehea. 

^    Fireclay 8- 7  feet. 

^^^'    Ferraginons  landstone    ....      4  feet. 


CONCRETIONARY  LIMESTONE, 

I  include  under  the  above  name  all  the  limestones  occur- 
•ring  in  this  county  above  the  Geode  bed.  No  indications  of 
the  Warsaw  Archimedes  beds  are  seen  here ;  and  the  Mag- 
nesian  bed  has  in  a  manner  lost  its  distinctive  character, 
and  becomes  merged  in  this  bed,  which  is  really  somewhat 
magnesian  in  the  lower  part. 

The  principal  exposures  of  the  Concretionary  limestone 
in  this  county  are  on  Long  and  Cedar  creeks.  On  Long  creek, 
about  two  miles  northwest  of  Augusta,  this  bed  presents  the 
following  characters  : 

Regularly-bedded  light-grey  compact  limestone  in  strata  from ' 
three  to  six  inches  thick    . 

Brown  arenaceous  limestone ^30-40  feet. 

Concretionary  and  brecciated  limestone I 

Massive  magnesian  layers J 

The  magnesian  layers  at  the  base  of  this  bed  form  an  ex- 
cellent material  for  heavy  masonry,  and  constitute  a  very 
durable  rock.  The  concretionary  and  brecciated  limestone 
above  may  be  advantageously  used  for  the  manufacture  of 
quicklime,  while  the  upper  or  light-grey  portion  of  the  bed 
is  well  adapted  to  the  ordinary  purposes  for  which  building 
rock  is  required. 
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GEODE  BED. 

This  bed  consists  of  bluish  ash-colored  shaly  clays,  with 
siliceous  geodes  containing  quartz  crystals,  calc  spar,  zinc 
blende,  and  chalcedony.  It  is  exposed  on  Skunk  river  above 
Augusta,  on  Long  and  Cedar  creeks,  and  also  on  Little  Flint 
about  half  a  mile  above  the  mouth,  the  most  northerly  point 
where  it  was  observed  in  this  county.  It  often  presents  the 
appearance  of  potter's  clay,  but  probably  contains  too  much 
calcareous  matter  to  answer  for  such  purpose.  Crystals  of 
sulphuret  of  iron  are  also  abundant  it,  sometimes  of  a  bright 
yellow  color,  and  then  frequently  mistaken  by  the  ignorant 
for  gold.  It  is  needless  to  say  that  mineral  wealth  will  be 
looked  for  in  vain  in  the  Geode  bed. 

KEOKUK  LIMESTONE. 

This  rock  is  exposed  on  Skunk  river,  from  about  one  mile 
above  Augusta,  to  the  west  line  of  the  county ;  also  on  Long 
creek,  two  and  a  half  miles  northeast  of  Augusta ;  and  on 
Brush  creek,  five  miles  from  Burlington  on  the  lower  Augusta 
road  :  it  likewise  outcrops  on  Little  Flint  creek,  a  half  mile 
above  the  mouth.  Its  lithological  characters  in  this  county 
are  very  similar  to  those  presented  in  Lee  county ;  consisting 
of  alternations  of  buff-grey  and  bluish  grey  limestones,  with 
seams  of  chert  and  homstone  often  occurring  in  lenticular 
masses.  It  forms  a  good  building  material,  wherever  the 
strata  are  suflBciently  massive  to  answer  the  required  pur- 
pose. As  a  resource  for  the  manufacture  of  quicklime,  it  is 
second  only  to  the  Concretionary  limestone. 

Fossils.  The  same  fossils  occur  in  the  beds  in  this  county 
as  in  Lee.  Among  those  most  common  here  may  be  mentioned 
Spirifer  striatus^  S.  imbricatusy  Athyris  lamellosay  A.  squami- 
ferUy  Produdus  pundatusy  P.  semireticulatusy  P.  altematus ; 
with  teeth  and  palate  bones  of  Ganoid  fishes. 


i 
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BURLINGTON  CRINOIDAL  LIMESTONE. 

This  is  by  far  the  most  important  rock  formation  in  this 
county,  inasmuch  as  it  underlies  at  least  three-fourths  of  its 
surface,  cropping  out  along  the  rivers  and  creeks  throughout 
the  northern  and  eastern  portions.  It  forms  the  upper  part 
of  the  river  bluffs  from  Augusta  to  the  mouth  of  Skunk  river, 
and,  on  the  Mississippi,  from  the  mouth  of  Skunk  to  the 
Iowa,  from  which  point  it  trends  off  in  a  northwest  direction 
to  the  vicinity  of  Columbus  city  in  Louisa  county.  It  is  also 
exposed  on  Flint  creek  and  its  tributaries  to  near  the  wes- 
tern border  of  the  county.  It  consists  usually  of  light-grey 
and  brown  limestones,  alternating  with  seams  of  chert,  and 
is  termed  Crinoidal  limestone,  because  the  rock  is  almost 
entirely  constituted  of  the  remains  of  the  beautiful  lily-stars 
or  crinoideans,  which  once  swarmed  beneath  the  waters  of 
the  ocean  in  such  profusion  that  whole  formations  are  com- 
posed of  their  fossilized  remains.  A  large  proportion  of  the 
Burlington  limestone  is  made  up  of  the  calcareous  plates  and 
joints  of  these  beautiful  creatures,  with  scarcely  enough  of 
mineral  matter  to  cement  them  together. 

In  the  vicinity  of  Burlington,  the  lower  twenty  feet  of 
this  bed  contains  considerable  arenaceous  material;  and 
some  of  the  strata,  on  exposure  to  the  atmosphere,  crumble 
to  sand,  and  thus  liberate  the  beautiful  fossils  imbedded 
therein.  This  character,  however,  is  only  local,  the  whole 
mass  being  usually  calcareous  to  the  bottom.  The  upper 
portion  consists  of  light-grey  and  brown  limestones,  semi- 
crystalline  in  texture,  and  sometimes  sufficiently  massive 
for  all  ordinary  building  purposes,  and  sufficiently  pure  and 
free  from  siliceous  matter  to  be  easily  wrought  into  any 
desirable  form.  Towards  the  top  it  becomes  thinbedded  and 
cherty,  and  finally  passes  into  the  hornstone  and  chert  beds 
which  separate  it  from  the  Keokuk  limestones  above.  The 
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Crinoidal  limestone  abounds  in  fissures  and  caverns,  and 
serves  as  a  natural  drain  to  the  surface  which  it  underlies  : 
the  water,  finding  its  way  through  these  channels,  issues  from . 
the  base  in  springs  of  the  finest  limestone  water.  Hence  there 
is  no  portion  of  the  country  where  fine  springs  are  so  abun- 
dant as  in  the  region  underlaid  by  this  formation. 

Some  strata  in  this  bed  are  susceptible  of  a  high  polish, 
and  may  be  used  for  the  ordinary  purposes  of.  marble.  The 
rock  may  be  quarried  to  advantage  almost  anywhere  along 
the  blufis  of  the  Mississippi  river,  affording  a  good  supply  of 
building  material  to  the  eastern  portion  of  the  county. 

Fossils.  No  formation  in  the  West  is  more  important  and 
interesting  to  the  geologist,  than  the  one  now  under  consi- 
deration ;  and  Burlington,  Iowa,  has  become  a  classic  ground 
to  the  man  of  science,  and  is  known  wherever  geology  is 
studied,  as  one  of  the  richest  fields  for  the  collection  and 
observation  of  the  fossil  remains  of  palsBozoic  life  yet  found 
on  our  continent.  A  large  proportion  of  the  species  occurring 
at  this  locality  are  yet  undescribed*,  but  I  will  enumerate 
those  best  known. 

Of  the  Crinoidea,  we  find  here  Actinocrinus  vemeuiltanusy 
A.  rotundusj  A.  christyi^  A.  pyriformis,  A.  concinnus  and  A. 
konincki  of  SmiMAKD  ( Vide  Report  on  the  Geological  Survey 
of  Missouri,  Plate  A) ;  also  Pentremites  elongatus  and  P.  sayi  of 
Shumabi)  (Vide  same  Report,  Plate  B),  Platycrinus  discoideusy 
P.  corrugatus?y  P.  planus^  P.  burlingtonensisy  P.  yanddli^  P. 
americanus,  Pentremites  norwoodii^  P.  mdOj  P.planus^  P.  stelli- 
formiSj  Dichocrinus  striatus,  D.  ovatus^  Megistocrinus  evansii, 
Cyathocrinus  comutus  and  Actinocrinus  unicomus  of  Owen  and 
Shumabd  ( Vide  Report  on  the  (Jeological  Survey  of  Iowa, 
Wisconsin  and  Minnesota,  Tab.  5  A  and  B). 

Several  species  of  Brachiopoda  are  also  characteristic  of 
this  formation,  among  which  may  be  mentioned  two  large 
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species  of  Spirifer^  which  have  been  referred  by  Mr.  Pbatten 
of  the  Illinois  Survey  to  S.  sowerhyi  and  S.  veniricosa  of  the 
European  authors.  Spirifer  forbesii  of  Pratten  and  Norwood 
is  also  a  common  fossil  in  the  lower  portion  of  the  Burlington 
limestones ;  and  Productus  flemingity  P.  semireticulatus  and 
P.  punctatus  are  abundant  in  the  upper  part  of  the  bed.  An 
undescribed  species  of  Chonetes  is  common  at  Augusta  and  at 
Bluffdale,  in  the  upper  portion  of  this  bed.  One  or  two  spe- 
cies of  EuomphaluSy  probably  undescribed,  also  occur  here, 
as  well  as  an  undetermined  Conularia. 

At  Augusta,  on  Skunk  river,  fish  teeth  are  abundant  in  a 
thin  band  of  limestone  which  may  be  seen  in  place  on  the 
south  side  of  the  river,  near  the  top  of  the  bluff.  This  band 
is  not  above  four  inches  in  thickness,  and  is  filled  with  the 
teeth,  spines,  and  palate  bones  of  fishes  in  the  greatest 
profusion. 

In  what  immense  numbers  must  the  crinoids,  the  mollusks 
and  the  fishes  have  swarmed  in  the  Subcarboniferous  era,  to 
have  formed  whole  systems  of  rocks  by  the  deposit  of  their 
bony  skeletons  !  It  is  hardly  possible  to  obtain  a  fragment  of 
the  Mountain  limestone,  however  small,  that  does  not  con- 
tain some  trace  of  organic  life ;  and  thousands  of  specimens 
may  be  obtained,  in  which  the  animal  structure  may  be 
traced  as  easily,  and  studied  as  correctly,  as  though  they  had 
perished  but  yesterday. 

OOLITIC  LIMESTONE. 

Immediately  below  the  Crinoidal  beds  we  find  a  band  of 
Oolitic  limestone  usually  about  four  feet  in  thickness,  and 
deposited  in  strata  varying  from  four  to  twelve  inches  thick. 
This  rock  has  been  used  freely  at  Burlington  for  curbstones 
and  various  other  purposes ;  but  it  is  not  a  reliable  building 
material,  as  it  yields  readily  to  the  action  of  frost,  and  con- 
sequently should  not  be  used  where  durability  is  required. 
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COMPACT  FINEGRAINED  LIMESTONE. 

This  bed  is  about  ten  feet  in  thickness,  and  consists  of 
thin  layers  of  brownish  grey  limestone,  compact,  breaking 
with  a  smooth  conchoidal  fracture,  and  containing  crystals  of 
calc  spar  in  seams  and  pockets,  associated  with  zinc  blende. 
This  is  the  representative  of  the  Lithographic  limestone  of 
Missouri,  but  is  not  sufficiently  even-textured  here  to  answer 
the  purposes  of  the  lithographer. 

ASII-COLORED  GRITSTONE. 

This  bed  is  composed  at  the  top  of  tolerably  regular- 
bedded  gritstone  in  strata  from  four  to  twelve  inches  thick, 
passing  downward  into  ash-colored  shale.  The  bed  ajBTords  no 
building  rock  of  any  value,  the  strata  generally  yielding  to 
the  influence  of  the  weather,  and  crumbling  where  exposed 
to  atmospheric  agencies. 

Fossils.  Among  the  fossils  common  to  these  beds  may  be 
enumerated  Spirifer  marionensis  of  Shumard,  Chonetes  logani 
and  C.  fischeri  of  Pratten  and  Norwood,  together  with  several 
species  of  Productus^  Avicula^  Grammysia,  Bellerophon^  etc., 
which  appear  to  be  closely  allied  to,  or  identical  with  species 
common  to  the  Waverly  sandstone  of  Ohio  and  the  Portage 
and  Chemung  groups  of  New-York. 

These  beds  outcrop  along  the  river  bluffs  from  Augusta  on 
Skunk  river,  to  the  vicinity  of  Bluffdale  P.  0.  twelve  miles 
above  Burlington,  where  they  pass  below  the  surface  and 
disappear. 

BLUE  SLATY  CLAY. 

This  bed,  which  is  from  twenty-fivp  to  thirty  feet  thick 
at  Burlington,  is  the  lowest  rock  outcropping  in  the  county, 
and  is  only  exposed  at  the  base  of  the  bluffs  from  the  mouth 
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of  Flint  creek  to  the  bluffs  on  Skunk  river.  It  consists  of  a 
dark  blue  argillaceous  slate  that  weathers  to  a  blue  clay,  and 
contains  sulphuret  of  iron  in  crystals  and  brown  oxide  of 
iron  in  nodules  of  clay  iron  ore. 

No  fossils  have  as  yet  been  found  in  this  bed  in  Desmoines 
county;  but  its  position  and  lithological  characters  would 
seem  to  indicate  it  to  be  the  equivalent  of  the  Genesee  slate. 


ECONOMICAL    giEOLOGY. 

Building-rock.  The  Crinoidal  limestone  furnishes  an  abun- 
dant supply  of  building  material  to  the  eastern  part  of  the 
county,  being  accessible  everywhere  in  the  river  bluffs  from 
the  north  line  of  the  coimty  to  the  mouth  of  Skunk  river, 
and  also  up  that  river  to  a  point  about  one  mile  above  Au- 
gusta. This  bed  also  outcrops  on  Flint  creek,  as  far  as  the 
southwest  comer  of  Yellowsprings  township. 

The  Keokuk  limestones  are  found  on  Brush  creek,  five 
miles  southwest  of  Burlington  ;  also  on  Little  Flint  creek  a 
half  mile  above  the  mouth,  and  on  Skunk  river  from  Augusta 
to  the  west  line  of  the  county.  The  Concretionary  limestone 
also  outcrops  on  Long  creek,  as  well  as  on  some  of  the  smaller 
streams  in  the  southwest  part  of  the  county. 

Quicklime.  These  beds  all  furnish  an  abundant  supply  of 
material  for  the  manufacture  of  lime ;  which,  at  Burlington, 
is  obtained  from  the  upper  beds  of  the  Crinoidal  limestone, 
some  layers  being  nearly  pure  carbonate  of  lime. 

Sand  and  Clay.  These  materials  are  abundant  in  nearly 
all  parts  of  the  county ;  enabling  almost  every  farmer  to 
manufacture  his  own  brick  upon  his  own  premises,  when  he 
chooses  to  do  so. 

Fire-clay.  An  excellent  bed  of  fire-clay  occurs  in  Danville 
township,  affording  an  abundant  supply  for  two  potteries 
now  in  successful  operation.  This  bed  forms  the  underclay  to 
an  outlier  of  coal  in  this  township. 
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As  an  agricultural  region,  Desmoines  county  is  one  of  the 
beat  in  Iowa ;  and  from  its  geographical  position  and  com- 
mercial advantages,  is  destined  to  be  one  of  the  most  popu- 
lous and  wealthy  counties  in  the  State.  The  prairies  have  a 
soil  of  unsurpassed  fertility ;  and  a  considerable  portion  of 
the  timbered  lands,  where  the  growth  consists  of  elm,  linden 
and  cherry,  possess  a  soil  scarcely  inferior  to  the  best  prairie 
lands.  Along  the  river  bluffs  the  soil  is  admirably  adapted 
to  the  growth  of  fruit,  especially  where  it  is  rendered  cal- 
careous by  the  outcrop  of  limestones ;  and  the  apple  and 
peach  orchards  planted  on  such  locations  are  usually  more 
healthy  and  productive  than  those  upon  the  prairies.  The 
steep  hillsides  are  also  admirably  adapted  to  the  growth  of 
the  vine,  and  there  are  several  flourishing  vineyards  in  the 
county. 

The  people  of  the  West  are  hardly  yet  aware  of  the  fact, 
that  in  the  production  of  fruit,  the  broken  lands  along  the 
streams  will  really  yield  a  greater  return  for  the  labor  ex- 
pended on  them,  than  can  be  obtained  from  the  best  corn 
and  wheat  lands  in  the  country.  It  is  to  be  hoped  that  the 
time  is  not  distant  when  the  slopes  of  our  river  bluffs  will 
be  covered  with  vines,  furnishing  an  abundant  supply  of  pure 
and  wholesome  wines  to  supersede  the  vile  compounds  now 
sold  under  that  name. 
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HE^RY  COIJMTY. 

BLbney  County  lies  immediately  north  of  Lee,  and  is  bounded 
on  the  east  by  Desmoines  and  Louisa  counties,  on  the  north 
by  Louisa  and  Washington,  on  the  west  by  Jefferson  and 
Vanburen,  and  on  the  south  by  Lee.  It  has  an  area  of  twelve 
townships  or  432  square  miles,  and  is  well  watered  by  Skunk 
river  and  its  tributaries. 

Skunk  river  enters  the  county  near  the  northwest  comer, 
and,  after  winding  along  its  western  borders  for  about  ten 
miles,  trends  off  in  a  southeasterly  direction,  passing  out  of 
the  county  near  the  southeast  corner.  The  principal  tributa- 
ries of  Skunk  river  in  this  county  are  Cedar  and  Big  creeks : 
the  former  enters  it  from  the  west,  near  the  northwest  corner 
of  Salem  township,  and,  after  a  winding  course  of  a  few  miles, 
turns  due  north,  and  empties  into  Skunk  river  just  below 
Rome.  Big  creek  rises  in  the  eastern  part  of  New-London 
township,  and  runs  northwestwardly  through  New-London 
and  Marion  townships,  and  then  turns  south,  and  finally 
southeast,  emptying  into  Skunk  river  about  two  miles  and  a 
half  above  Lowell. 

Water  power  is  abundant  on  these  streams,  especially  on 
Skunk  river,  which  affords  good  millsites  at  intervals  of  five 
to  six  miles  throughout  its  extent  in  this  county. 

Heavy  bodies  of  timber  are  found  on  these  streams  and 
their  tributaries,  affording  an  abundant  supply  to  the  whole 
county.  Black  and  white  oak  and  hickory  are  the  principal 
growth  upon  the  uplands ;  while  along  the  streams  may  be 
found  black  and  white  walnut,  red  and  burr  and  pin  oak, 
linden,  hackberry,  white  and  sugar  maple,  hickory,  elm,  ash, 
buckeye,  honey  locust,  sycamore  and  cottonwood. 

The  following  section  exhibits  the  geological  formations 
outcropping  in  this  county  : 
[Iowa  Suevby.]  27 
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Alluvium. 

Drift 60 -80  feet. 

Coal  measures 40-50  feet. 

Concretionary  limestone     .     ^    .     .  30-40  feet. 

Oeode  bed 30  feet 

Keokuk  limestone 80-40  feet. 

Crittoidal  limestone 10  feet. 

ALLUVIUM. 

The  only  deposits  of  Alluvial  bottoms  in  this  county  are 
found  on  Skunk  river,  which  is  skirted  by  a  narrow  belt  on 
both  sides,  seldom  exceeding  a  mile  in  width.  These  bottom 
lands  sustain  a  magnificent  growth  of  timber,  and,  when 
cleared  and  brought  under  cultivation,  are  among  the  most 
productive  in  the  county.  The  soil  is  usually  a  deep  black 
sandy  loam,  admirably  adapted  to  the  growth  of  com,  sweet 
potatoes,  and  all  other  products  requiring  a  dry  and  warm 
soil.  Fruit  of  all  kinds  may  be  raised  either  on  the  bottoms 
or  bluff-lands,  with  more  certainty  of  annual  crops  than  on 
the  prairies. 

DRIFT. 

Overlying  the  Mountain  limestone  and  Coal  measures, 
throughout  the  county,  we  find  a  heavy  deposit  of  Drift 
material,  consisting  of  clay,  sand  and  gravel,  with  boulders 
of  quartz,  granite,  gneiss,  hornblende,  porphyry  and  sienite 
as  well  as  limestone,  and  containing  also  bits  of  coal  and 
slate  derived  from  the  breaking  up  of  the  Coal  measures  over 
which  the  Drift  agencies  havci  passed.  The  appearance  of 
these  bits  of  coal  in  the  beds  of  streams  leads  many  persons, 
unacquainted  with  the  circumstances  under  which  the  Drift 
formation  has  been  deposited,  to  suppose  that  a  coal-seam 
must  necessarily  exist  wherever  such  fragments  appear ;  but 
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a  careful  study  of  this  deposit,  and  of  the  circumstances 
under  which  it  was  formed,  will  soon  produce  the  conviction 
that  no  coal-seam,  or  other  extensive  deposit  of  mineral 
wealth  can  reasonably  be  looked  for  in  it. 

Native  gold  has  been  obtained  from  the  gravel  beds  of  this 
deposit  in  Indiana,  and  may  perhaps  be  found  in  Iowa  or 
Illinois,  but  in  quantities  too  small  to  repay  the  labor  of 
washing.  Fragments  of  galena  and  native  copper  are  likewise 
found  in  the  drift. 

Beds  of  sand  and  clay  are  abundant  in  the  drift  almost 
everywhere,  and  furnish  an  inexhaustible  supply  for  the 
manufacture  of  brick ;  and  wells  of  good  water  may  be  ob- 
tained from  it  on  the  prairies  and  uplands,  by  digging  from 
twenty  to  forty  feet.  Where  the  prairies  are  quite  rolling, 
good  springs  occasionally  occur,  issuing  from  the  sandy 
portions  of  this  deposit  where  they  rest  upon  the  clay  beds 
beneath. 

COAL  MEASURES. 

Several  outliers  of  coal  occur  in  Henry  county,  on  the  east 
side  of  Skunk  river  and  -Cedar  creek ;  but  none  of  them  have 
as  yet  yielded  a  profitable  coal-seam,  nor  is  it  probable  they 
ever  will. 

North  of  Salem  and  between  Skunk  river  and  Cedar  creek, 
a  deposit  of  coal  occurs,  extending  about  five  miles  from  north 
to  south,  with  an  average  width  of  about  three  miles.  This 
has  as  yet  only  afforded  a  seam  o£  indifferent  coal,  from 
sixteen  to  twenty-four  inches  thick  :  it  however  affords 
considerable  deposits  of  potter's  clay,  some  of  which  are 
likely  to  prove  of  value. 

A  deposit  of  this  kind  was  observed  near  Trueblood  and 
Hyatt's  mill,  on  Section  28  in  Tippecanoe  township  :  it  was 
exposed  in  some' old  coal  diggings,  and  was  from  four  to  five 
feet  thick. 
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A  heavy  bed  of  bituminous  slate  overlies  the  coal  in  this 
vicinity,  and  sometimes  takes  its  place  entirely.  This  slate 
has  been  designated  cannel  coed  by  some  parties,  and  has  given 
rise  to  expectations  of  an  abundant  supply  of  mineral  fuel 
that  will  not  be  realized.  The  outlier  is  entirely  surrounded 
by  the  outcroppings  of  the  underlying  limestone,  which  is 
exposed  everywhere  along  the  bluffs  of  Skunk  river  and  Cedar 
creek,  and  underlies  all  the  coal  deposits  in  Southern  Iowa. 

On  the  east  side  of  Big  creek  in  Centre  township,  on  Sec. 
26,  an  outlier  of  coal  occurs  in  a  depression  or  basin  in  the 
Concretionary  limestone,  which  outcrops  within  fifty  yards 
of  the  coal  diggings,  and  apparently  at  a  higher  level  :  it 
has  yielded  no  coal  of  any  value,  and  the  diggings  are  now 
abandoned. 

The  outlier  of  coal  mentioned  in  the  Report  on  Desmoines 
county  as  occurring  in  Danville  township  in  that  county, 
also  extends  into  the  edge  of  Baltimore  township  in  this 
county,  but  is  only  valuable  for  the  deposit  of  potter's  clay 
which  it  affords. 

On  the  west  side  of  Skunk  river,  above  the  mouth  of 
Cedar  creek,  coal  occurs  under  more  favorable  circumstances, 
and  in  a  seam  averaging  two  and  a  half  to  three  feet  in 
thickness.  This  seems  to  be  an  extension  of  what  may  be 
termed  the  Fairfield  basin,  which  is  supposed  to  occupy  the 
greater  portion  of  Jefferson  county. 

At  Crawford's  mill  on  Skunk  river,  six  miles  below  Deeds- 
ville,  coal  outcrops  in  the  river  bluffs  in  connection  with  a 
bed  of  shaly  clay  and  iron  ore.  The  exposure  here  did  not 
admit  of  a  perfect  section,  but  the  beds  seemed  to  hold  the 
following  relative  positions  : 
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Fio.  28. 


Slope  of  the  blnff  above  the  oo*l,  apparently 
occupied  by  Drift  deposits,  estimated  at 
60  to  70  feet. 


=^-ra    Blaek  slate 3  feet. 

Goal 12  inches. 


r 


/ 


XTnezpofcd IS -30  feet. 


y^X;:i^-.r--:^:53~<^g?^^^-    •    Shaly  clay 4  feet. 


^-..A-^ i.^^^^^^::!^.^^^^^— 


Unexposed 28 -30  feet. 


Concretionary  limestone. 


At  this  point,  Messrs.  Eaton,  Allen  &  Co.  have  sunk  a 
shaft  some  fifty  feet  in  search  of  coal ;  commencing  on  the 
west  bank  of  the  river  immediately  above  the  Concretionary 
limestone*  and  passing  entirely  through  that  bed  into  the 
shaly  clays  of  the  Geode  bed  beneath.  As,  on  reaching  the 
limestone,  they  are  below  all  coal  deposits,  the  farther  they 
penetrate  in  that  direction,  the  more  remote  is  the  prospect 
of  finding  a  workable  coal-seam. 

It  is  quite  probable  that  a  coal-seam  may  be  found  at  this 
point,  between  the  one  already  opened  and  the  limestone 
below;  and  if  the  shaft  had  been  commenced  at  or  near 
the  top  of  the  bluflT,  and  carried  down  to  the  upper  surface 
of  the  limestone,  the  question  would  have  been  definitely 
settled  as  to  the  amount  of  coal  to  be  found  at  this  point. 

The  Concretionary  limestone  extends  quite  across  the 
river  here,  forming  a  ripple  just  below  the  dam.  The  bed  of 
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iron  ore  in  the  foregoing  section  is  from  two  and  a  half  to 
three  feet  in  thickness,  and  appeared  to  thicken  in  a  wedge- 
shaped  form  as  it  penetrated  the  hill.  The  ore  itself  is  a 
cellular  brown  oxide  of  iron,  and,  if  the  bed  thickens  suf- 
ficiently to  keep  a  furnace  in  operation,  may  prove  a  valuable 
acquisition  to  the  mineral  resources  of  the  State.  Specimens 
of  this  ore  have  been  forwarded  to  the  State  Chemist  for 
analysis. 

On  Section  32  in  Tippecanoe  township,  a  coal-seam  has 
been  opened,  which  is  said  to  be  from  three  to  four  feet  in 
thickness ;  but  at  the  time  of  my  visit  to  the  locality,  the 
roof  had  fallen  in,  preventing  any  satisfactory  examination 
either  with  regard  to  the  thickness  of  the  seam  or  the  qua- 
lity of  the  coal. 

On  the  south  side  of  Cedar  creek  in  the  west  part  of  Salem 
township,  this  seam  has  been  opened  at  several  points  near 
the  county  line,  and  about  two  miles  north  of  Hillsborough. 
At  Dr.  Crail's  bank  the  coal  is  three  and  a  half  feet  thick, 
and  is  overlaid  by  about  four  feet  of  bituminous  slate.  The 
coal  here  rests  directly  on  the  Concretionary  limestone,  with 
only  a  few  inches  of  shaly  clay  and  slate  between.  The 
vicinity  of  Hillsborough  now  furnishes  nearly  all  the  coal 
used  in  the  southern  part  of  the  county. 

It  will  be  seen  from  what  has  been  said,  that  the  only 
coal  lands  in  Henry  county,  that  promise  anything  like  a 
profitable  coal-seam,  are  those  lying  west  of  Skunk  river  and 
Cedar  creeks ;  and  for  the  benefit  of  those  who  are  disposed 
to  test  the  question  whether  coal  can  be  found  at  a  particular 
spot,  let  me  repeat,  that  by  boring  down  from  a  point  near 
the  general  level  of  the  country  to  the  limestones  below, 
which,  in  Henry  county,  may  be  reached  almost  anywhere 
in  less  than  a  hundred  feet  fr  m  the  surface,  the  questicm 
will  be  settled  beyond  a  doubt,  so  far  as  that  particular 
locality  is  concerned. 
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CONCRETIONARY  LIMESTONE. 

This  is  one  of  the  most  important  limestones  of  the  county, 
inasmuch  as  it  outcrops  over  a  greater  extent  of  surface  than 
any  other  in  it,  and  affords  almost  everywhere  an  abundant 
supply  of  building  stone,  as  well  as  an  inexhaustible  quan- 
tity of  material  for  the  manufactiure  of  lime. 

This  bed  outcrops  in  the  bluffs  of  Skunk  river  and  Cedar 
creeks  throughout  the  county,  and  on  Big  creek  from  the 
mouth  to  the  point  where  the  Iowa  city  road  crosses  it,  two 
miles  north  of  Mount  Pleasant.  It  also  outcrops  on  Crooked 
creek  in  Scott  township,  in  the  northeast  comer  of  the 
county,  and  on  Little  Cedar  creek  throughout  its  extent  in 
Salem  township.  Its  average  thickness  in  this  coimty  does 
not  exceed  forty  feet,  and  in  the  northern  part  is  somewhat 
less. 

The  lower  portion  of  the  bed  is  usually  mwe  or  less 
magnesian  and  quite  massive,  affording  suitable  material  for 
heavy  masonry.  The  rock  for  the  abutments  of  the  railroad 
bridge  across  Skunk  river  was  obtained  from  this  portion  of 
the  Concretionary  bed,  four  miles  below  Ronie.  The  middle 
portion  is  usually  a  mass  of  greenish  grey,  concretionary, 
and  brecciated  limestone  without  regular  lines  of  stratifica- 
tion, and  only  valuable  for  the  manufacture  of  lime.  The 
upper  part  is  usually  a  thinbedded  light-grey  limestone  in 
regular  layers  from  two  to  six  inches  thick,  sometimes  are- 
naceous, and  affording  good  flagging  stones. 

Fossils.  The  most  characteristic  fossil  of  this  bed  is  the 
Lithostrotion  canadensBy  which  is  usually  found  weathered  out 
in  the  beds  of  all  the  streams  traversed  by  this  rock.  At 
Trueblood  &  Hyatt's  mill  on  Cedar  creek,  this  coral  is  ex- 
ceedingly abundant;  also  on  Big  creek,  three  miles  south  of 
Mount-Pleasant. 

Two  miles  south  of  Mount-Pleasant  and  one  mile  south 
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of  Salem,  there  are  marly  partings  between  the  limestone 
strata,  containing  Terebratula^  Rhynchonella^  Productus  and 
Spirifery  of  species  yet  undetermined. 

GEODB  BED. 

This  bed  is  well  exposed  in  the  vicinity  of  Lowell,  where 
it  attains  a  thickness  of  about  thirty  feet,  and  consists  of 
calcareo-argillaceous  shales,  with  geodes  of  quartz  crystals, 
chalcedony,  calc  spar,  etc.  In  its  northern  extension  it  thins 
out  rapidly ;  and  in  the  vicinity  of  Mount-Pleasant,  it  is 
only  represented  by  a  few  feet  of  blue  and  yellow  shaly 
clay,  which  separates  the  Concretionary  limestone  from  the 
Keokuk  beds  below. 

KEOKUK  LIMESTONE. 

This  limestone  forms  the  bed  of  Skunk  river  from  Lowell 
to  Rome,  and  also  appears  again  at  Deedsville  in  the  north 
part  of  the  county :  it  likewise  outcrops  on  Big  creek  north- 
east of  Mount-Pleasant,  and  on  Cedar  creek  northwest  of 
Salem.  It  consists  of  layers  of  buflf-grey  and  bluish  grey 
limestones  in  strata  from  four  to  fifteen  inches  in  thickness, 
and  has  been  quarried  extensively  on  Big  creek,  northeast 
of  Mount-Pleasant,  for  the  construction  of  fhe  Insane  Asy- 
lum. Not  more  than  twenty  feet  in  thickness  was  exposed 
in  any  of  the  quarries  in  this  vicinity ;  and  it  is  quite  pro- 
bable that  this,  as  well  as  the  Geode  bed,  thins  out  rapidly 
towards  the  north. 

The  rock  quarried  in  the  vicinity  of  Mount-Pleasant,  for 
the  construction  of  the  Asylum,  is  sometimes  traversed  by 
seams  of  argillaceous  matter,  which  causes  it  to  split  on 
exposure  to  frost,  and  renders  it  unfit  for  heavy  masonry. 
For  this  reason,  great  care  should  be  taken  in  the  selection 
of  the  material  for  so  important  a  work ;  and  none  should 
be  used,  especially  when  they  are  required  to  be  set  on  edge 
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unless  quite  free  from  seams  and  of  an  even  texture.  The 
bluish  grey  layers  contain  iron  pyrites,  which  decompose  on 
exposure  to  the  atmosphere,  giving  a  dingy  copperas  color  to 
the  surface  of  the  rock  :  for  this  reason,  the  buff-grey  layers 
should  be  preferred. 

Fossils.  These  beds  do  not  afford  as  great  a  variety  of 
fossils  in  this  county  as  at  points  farther  south,  but  enough 
can  be  obtained  to  identify  the  beds  without  difficulty.  At 
Willet's  quarries  I  found  the  large  Spirifer  striatusy  S.  im- 
bricatus?y  Athyris  lamellosay  A.  squamifera?^  Produdus  alter- 
natus  ;  together  with  several  species  of  Capulus^  Pleurotomariay 
etc.,  common  in  the  same  beds  at  Keokuk.  No  trace  of  cri- 
noids,  other  than  a  few  joints  of  the  columns,  were  seen  here. 
At  Oakland  mills  on  Skunk  river,  and  Trueblood  &  Hyatt's 
mill  on  Cedar  creek,  the  fossils  of  this  bed  may  be  obtained. 

CRINOIDAL  LIMESTONE. 

The  only  outcrop  of  this  bed  in  Henry  county  is  on  Big 
creek  in  the  northwestern  part  of  New-London  township, 
on  Sections  4,  5  and  6.  Only  a  few  feet  of  the  rock  is  ex- 
posed along  the  bed  of  the  creek,  where  two  or  three  small 
quarries  have  been  opened  in  it.  These  beds  have  a  slight 
dip  to  the  southwest,  and  soon  disappear  beneath  the  Keokuk 
limestone. 

ECONOMICAL    GEOLOGY. 

Building-rock.  The  Keokuk  limestones  and  Concretionary 
bed  afford  an  abundant  supply  of  good  building  stone,  which 
may  be  procured  in  the  bluffs  of  Skunk  river,  on  Big  creek 
north  and  west  of  Mount-Pleasant,  and  on  Cedar  and  Crooked 
creeks  and  several  smaller  tributaries  to  Skunk  river.  The 
Keokuk  limestone  is  more  argillaceous  here  than  at  places 
further  south ;  and  some  of  the  layers  are  traversed  by  seams 
[  Iowa  Survey.]  28 
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of  argillaceous  matter,  which  cause  the  rock  to  split  where 
exposed  to  the  action  of  frost. 

The  Concretionary  limestone  of  some  localities  is  magne- 
sian  and  heavy-bedded,  affording  strata  two  feet  in  thickness, 
and  well  adapted  to  heavy  masonry.  This  character  is  usual- 
ly restricted  to  the  lower  portion  of  the  bed ;  while  the  upper 
part  is  commonly  a  light  grey  or  dove-colored  compact  lime- 
stone with  a  conchoidal  fracture,  and  in  layers  from  four  to 
eight  inches  thick. 

Quicklime.  The  Concretionary  limestone  is  the  only  deposit 
in  the  county  from  which  a  supply  of  lime  can  be  obtained, 
the  Keokuk  limestones  being  too  argillaceous  to  be  used  for 
that  purpose.  As  this  bed  is  accessible  on  almost  every  stream 
in  the  county,  it  will  afford  an  inexhaustible  supply  of  ma- 
terial for  the  manufacture  of  lime. 

Coal.  Thin  outliers  of  coal  are  found  in  various  parts  of 
the  county ;  but  the  workable  seams  appear  to  be  restricted 
to  the  west  side  of  Cedar  creek,  along  the  west  line  of  the 
county.  The  coal-seam  outcropping  here  varies  from  two  to 
three  feet  in  thickness,  and  is  probably  the  same  as  that 
opened  in  the  vicinity  of  Fairfield  in  Jefferson  county.  The 
southern  part  of  the  county  is  mostly  supplied  at  the  present 
time  from  the  vicinity  of  Hillsborough. 

Iron  Ore.  Nodules  of  clay  iron  ore  occur  very  generally  in 
connection  with  the  lower  coal-seams,  and  are  also  common 
in  the  drift,  derived  probably  from  the  same  source. 

At  Crawford's  mill  on  Skunk  river,  about  one  mile  north 
of  Rome,  a  bed  of  ore  occurs  in  the  Coal  measures,  as  seen 
in  the  section  at  that  place.  The  bed,  at  its  outcrop,  is  only 
two  to  three  feet  thick,  but  seems  to  thicken  in  a  wedge- 
shaped  form  as  it  penetrates  the  hill. 

Potter^s  Clay.  Good  potter's  clay  occurs  at  Trueblood  and 
Hyatt's  mill  on  Cedar  creek,  six  miles  north  of  Salem,  and 
also  at  several  places  in  the  county  where  outliers  of  coal 
are  found. 
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As  an  agricultural  region,  Henry  county  may  be  ranked 
among  the  very  best  in  the  State  ;  having  an  abundant  sup- 
ply of  timber,  while  the  prairie  lands  are  generally  rolling 
and  dry,  and  all  susceptible  of  a  high  state  of  cultivation. 
Building  stone  is  abundant  in  nearly  all  parts  of  the  county, 
costing  only  the  labor  necessary  to  quarry  and  remove  it  to 
the  places  where  it  is  wanted.  An  abundance  of  water  may 
be  procured  at  points  remote  from  the  main  water-courses, 
by  sinking  wells  to  the  depth  of  from  twenty  to  forty  feet. 
The  Burlington  and  Missouri  river  railroad,  now  complete 
to  the  western  borders  of  the  county,  will  afford  facilities  of 
transportation,  such  as  are  enjoyed  by  but  few  counties  in 
the  State.  To  the  emigrant  seeking  a  home  in  the  West, 
especially  the  practical  agriculturist,  Henry  county  offers 
inducements  hardly  excelled  by  any  portion  of  the  State. 


\  Al\BlJRE«f  COUJVTY. 

Vanburen  County  is  bounded  on  the  east  by  Lee  and  Henry 
counties,  on  the  north  by  Jefferson  county,  on  the  west  by 
Davis  county,  and  on  the  south  by  the  Missouri  line.  It 
embraces  a  fraction  over  thirteen  townships,  or  about  480 
square  miles  of  surface,  and  is  one  of  the  best  timbered 
counties  in  this  part  of  the  State. 

The  Des  Moines  river  runs  diagonally  through  the  county 
from  northwest  to  southeast,  affording  a  belt  of  fine  timber 
from  six  to  ten  miles  in  width.  On  the  south  side  of  the  Des 
Moines  are  Pox  river,  and  Indian,  Chequest,  Bear  and  Hol- 
comb's  creeks,  each  affording  a  considerable  belt  of  timber 
and  an  abundant  supply  of  stock  water  in  ordinary  seasons ; 
and  on  the  north  side  of  the  river  are  Crooked,  Lick,  Coates, 
Reed  and  Cedar  creeks,  each  skirted  with  timber  from  their 
source  to  their  outlet. 
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The  prairies  are  generally  small,  with  a  rolling  surface, 
and  a  soil  fully  equal  to  the  average  of  the  prairie  soils  of  the 
west.  The  upland  timber  consists  of  black  and  white  oak, 
hickory,  elm,  linden  and  cherry ;  while  upon  the  Des  Moines 
bottoms  may  be  found  black  and  white  walnut,  sugar  and 
white  maple,  ash,  hackberry,  cottonwood,  sycamore,  honey 
locust  and  mulberry. 

The  Des  Moines  river  furnishes  a  great  amount  of  water 
power ;  and  five  dams  are  now  under  process  of  construction, 
or  finished,  within  the  limits  of  this  county.  The  command 
of  so  great  an  amount  of  water  power  must  eventually  prove 
of  great  advantage  to  the  prosperity  and  wealth  of  the 
county,  as  a  considerable  portion  of  the  adjoining  and  less 
figivored  sections  of  the  State  will  thus  be  made  tributary  to 
the  valley  of  the  Des  Moines  for  their  mechanical  and  ma- 
nufacturing facilities. 

The  following  geological  formations  outcrop  within  the 
limits  of  this  county,  and  will  be  noticed  in  the  order  in 
which  they  are  represented  in  the  section,  beginning  with 
the  upper  or  newest  of  the  group. 

Alluvium. 

Drift 60-80  feet. 

Goal  measures 80  -  100  feet. 

Concretionary  limestone     ....  40  -  80  feet. 

Oeode  bed 25  feet. 

Keokuk  limestone  and  cherty  beds  .  70  feet. 

Narrow  belts  of  alluvial  bottoms  are  found  on  one  or  both 
sides  of  the  Des  Moines  river,  varying  in  width,  but  seldom 
exceeding  a  half  mile.  These  bottom  lands  were  covered 
originally  with  a  very  heavy  growth  of  timber ;  but  con- 
siderable portions  have  been  cleared  and  brought  under  cul- 
tivation, and,  possessing  a  warm,  light  and  productive  soil, 
are  among  the  very  best  lands  in  the  State. 
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DKIFT  DEPOSITS. 


The  Drift  formation  presents  nearly  the  same  features  in 
this  county  as  in  those  previously  examined,  and  has  an 
average  thickness  of  sixty  to  seventy-five  feet.  Along  the 
bluffs  and  ridges  the  upper  portion,  to  the  depth  of  four  or 
five  feet,  presented  a  strong  lithological  resemblance  to  the 
LoesSy  but  contained  no  shells  at  the  points  examined  to 
determine  its  identity. 

On  the  prairies,  good  wells  of  living  water  are  obtained 
from  twenty  to  thirty  feet  below  the  surface  ;  but  along  the 
river  bluffs  and  on  the  timbered  lands  generally,  considerable 
difficulty  is  experienced  in  procuring  good  water,  and  cis- 
terns are  in  very  general  use. 

The  Drift  deposit  here,  as  everywhere  else  throughout 
Southeastern  Iowa,  affords  an  inexhaustible  supply  of  sand 
and  clay  suitable  for  the  manufacture  of  brick,  accessible  at 
almost  any  point  in  the  county  where  such  material  may  be 
needed?  This  fact,  taken  in  connection  with  the  abundance 
of  timber  and  water  power,  renders  the  construction  of  sub- 
stantial buildings  comparatively  cheap,  and  gives  to  the 
inhabitants  a  decided  advantage  over  less  favored  portions 
of  the  State. 

Fossils.  The  only  fossil  obtained  from  the  drift  in  this 
county  was  a  mass  of  siliceous  wood,  procured  in  the  bluff 
on  the  north  side  of  Indian  creek,  about  one  mile  southeast 
of  Mr.  Thompkins's  place.  This  specimen  presented  none  of 
the  waterworn  characters  of  a  boulder,  but  the  angles  were 
as  sharp  and  well-defined  as  if  it  had  never  been  removed 
from  the  spot  where  it  was  first  buried.  No  remains  of  the 
mammoth,  mastodon,  or  other  extinct  mammalia  have  as  yet 
been  found  in  Vanburen  county,  so  far  as  I  could  learn. 
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COAL  MEASUKES. 

At  least  three-fourths  of  the  superficial  area  of  this  county 
is  underlaid  by  deposits  belonging  to  the  Coal  formation, 
but  it  is  not  probable  that  a  workable  coal-seam  will  be  found 
to  extend  over  more  than  one-half  or  two-thirds  of  the  ter- 
ritory so  underlaid- 

At  least  two  workable  coal-seams  outcrop  in  the  coimty, 
varying  in  thickness  from  two  to  five  feet.  The  upper  one  is 
exposed  in  the  vicinity  of  lowaville  on  the  south  side  of  the 
Des  Moines,  and  at  Business-corners  and  vicinity  on  the  north 
side  of  the  river.  This  seam  is  usually  overlaid  by  a  band  of 
hydraulic  limestone  from  two  to  three  feet  in  thickness; 
and  the  coal  is  less  impregnated  with  sulphuret  of  iron,  and 
consequently  better  adapted  to  mechanical  uses,  than  that 
from  the  lower  seam. 

The  following  section  exhibits  the  various  beds  belonging 
to  the  Coal  formation  exposed  in  this  county : 

Grey  shale  and  sbalj  sandstone. 

Thin  seams  of  coaly  matter  separated  by  shaly  clay. 

Shale. 

Hydraulic  limestone. 

Bituminous  slate. 

Second  coal-seam 3-5  feet. 

Shale  and  shaly  sandstone,  with  a  thin  seam  of  impure  ooal. 
Bituminous  slate. 

Lower  coal-seam 2-4  feet. 

Fine  clay,  sometijues  wanting. 

Ferruginous  sandstone,  varying  from  3  to  20  feet  in  thickness. 

The  entire  thickness  of  these  beds  probably  will  not  exceed 
one  hundred  feet,  though  no  point  was  seen  where  the  whole 
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was  exposed  in  a  single  section.  The  lower  seam,  where  it 
occurs  of  sufficient  thickness  to  a£ford  a  profitable  bed,  seems 
to  have  been  deposited  in  basins  or  depressions  in  the  Con- 
cretionary limestone.  The  coal  at  Farmington,  both  at  Wil- 
liams's and  Johnson's  bank,  occurs  in  a  basin  of  this  kind. 

At  Mr.  Cox's  coal-bank  two  miles  north  of  Hillsborough, 
a  miniature  basin  may  be  seen,  which  affords  a  very  instruc- 
tive example  of  the  kind.  This  basin  is  of  an  oval  form,  and 
does  not  exceed  fifty  paces  in  diameter  in  either  direction. 
The  limestone  has  been  laid  bare  by  diluvial  action  on  the 
north,  east  and  west  sides  of  the  basin,  leaving  it  exposed 
from  five  to  six  feet  in  height  above  the  edge  of  the  coal  at 
the  present  time.  The  coal  dips  rapidly  from  the  edge  of  the 
basin  towards  the  centre  in  every  direction,  and,  at  the 
deepest  point  penetrated  in  digging  the  coal,  exhibits  a 
depression  of  about  fifteen  feet  below  the  surface  of  the 
limestone  outcropping  around  the  rim  of  the  basin.  On  the 
south  side  the  coal  extends  up  into  the  bluff,  following  the 
inequalities  of  the  limestone,  and  dipping  towards  the  centre 
of  the  basin. 

At  several  points  in  the  neighborhood  this  seam  has  been 
opened  at  a  higher  level,  where  it  occupies  its  usual  position 
above  the  limestone. 

Section  across  the  Basin  from  east  to  west^  at  Cox*s  Coal-hank. 

Fio.  29. 

^  —  -  ^ 

3Z 


a.  Black  slate.        b.  Goal,  five  inches  thick.        c.  Concretionary  limestone. 

The  Farmington  basin  is  about  two  miles  in  width  from 
east  to  west,  and  extends  south  a  half  mile  beyond  the  Des 
Moines  river,  but  its  northern  boundary  is  hidden  in  the 
bluffs  on  that  side  of  the  river.  The  coal  varies  in  thickness 
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from  two  to  three  feet,  appearing  to  thicken  from  the  borders 
towards  the  centre  of  the  basin. 

At  Thomas's  coal-bank  on  Bear  creek,  on  the  southwest 
quarter  of  Section  10  in  Vernon  township,  the  following 
beds  are  exposed 

Fig.  80. 


r.==^'..   vlllX=:^^J3r» T  .„ .       ^        —     Ferrnffinoni  BuidBtone      .    .      3  feet. 

The  Concretionary  limestone  outcrops  along  the  creek,  both 
above  and  below  the  point  where  the  beds  in  the  foregoing 
section  were  exposed. 

Three-quarters  of  a  mile  west  of  Pittsburgh,  this  seam  is 
opened  again  for  the  use  of  the  steam  mill  in  that  town. 
Here  the  coal  is  about  the  same  thickness  as  in  the  above 
section,  and  is  underlaid  by  a  bed  of  fire  clay  from  three  to 
four  feet  in  thickness.  Along  the  bluffs  of  Chequest  creek  in 
this  portion  of  the  county,  thin  outcrops  of  bituminous  slate 
and  shale  are  frequently  met  with,  but  afford  no  workable 
coal-seam  so  far  as  is  known  at  present. 

At  Keosauqua  the  same  seam  outcrops  in  the  bluffs  on  the 
south  side  of  the  river,  immediately  above  the  limestone. 
The  coal  here  averages  about  two  feet  in  thickness,  but  is 
slaty  and  poor,  with  much  sulphuret  of  iron. 

Opposite  Portland,  coal  is  said  to  extend  into  the  bed  of 
the  river  from  the  north  side ;  but  at  the  time  of  my  visit 
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to  the  spot,  none  could  be  seen  above  the  water  level.  The 
Concretionary  limestone  outcrops  along  the  bluff  on  the  south 
side  of  the  river  from  Portland  to  within  two  miles  of  lowa- 
ville ;  and  if  eoal  occurs  at  Portland  in  the  position  men- 
tioned, it  is  probably  in  a  depression  in  the  limestone  along 
the  southern  edge  of  which  the  river  runs.  On  the  north  side 
of  the  river,  no  rocks  are  exposed  in  the  immediate  vicinity ; 
and  the  occurrence  of  the  second  coal-seam  in  the  first 
exposure  on  the  north  side  rather  serves  to  give  probability 
to  the  assertion. 

One  and  a  half  miles  below  lowaville,  the  second  coal- 
seam  has  been  opened  at  several  points  on  the  lands  of  Mr, 
Mauhard  and  Mr.  M'Hugh.  The  coal  in  these  openings  is  from 
three  to  five  feet  in  thickness,  and  of  a  better  quality  than 
the  average  of  the  lower  seam,  containing  much  less  sulphu- 
ret  of  iron.  These  openings  are  about  fifty-five  feet  above 
the  low-water  level  of  the  river,  and  from  twenty-five  to 
thirty  above  the  limestone.  Just  above  lowaville  on  the 
south  side  of  the  river,  this  seam  passes  below  the  river  level, 
being  thrown  down  by  a  depression  in  the  limestone,  and 
reappears  on  the  north  side  of  the  river  about  a  mile  above 
the  town. 

On  the  southwest  quarter  of  Section  10  in  Village  town- 
ship, on  the  lands  of  Mr.  Walker,  the  second  seam  is  exposed. 
The  coal  is  here  from  three  to  four  feet  in  thickness,  and 
appears  to  be  of  a  quality  similar  to  that  of  Mauhard' s  bank 
on  the  south  side  of  the  river. 

In  the  neighborhood  of  Business-corners  this  seam  has 
been  again  opened  at  several  points,  but  presents  no  essential 
variation  either  in  thickness  or  quality  from  the  other  locali- 
ties mentioned.  There  is  about  sixty  feet  of  shale  and  shaly 
sandstone  above  the  coal  at  this  place,  though  it  is  but  par- 
tially exposed. 

At  Martin's  coal-bank  on  the  northwest  quarter  of  Section 
14  in  Cedar  township,  two  seams  are  exposed,  separated  by 
[  Iowa  Survey.]  29 
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a  few  inches  of  black  slate.  It  is  quite  probable  that  this  is 
a  mere  local  deposit,  from  the  fact  that  no  other  outcrop  in 
this  vicinity  presents  a  similar  section.  The  two  seams  ave- 
rage from  six  to  seven  feet  in  their  aggregate  .thickness,  and 
rest  directly  upon  the  Concretionary  limestone,  with  only 
from  three  to  five  feet  of  clay  and  shale  between.  Specimens 
for  analysis  have  been  collected  from  all  these  localities,  and 
forwarded  to  Professor  WmTNBY  the  State  Chemist. 

Fossils.  The  Coal  measures  of  Vanburen  county  have  as 
yet  yielded  but  few  fossils.  In  the  ferruginous  sandstone 
usually  underlying  the  lower  seam,  stems  of  Lepidoderidra  and 
Sigillaria  were  occasionally  seen ;  and  in  the  shaly  sandstone 
above,  roots  of  Stigmaria  were  met  with  at  Farmington  and 
some  other  localities.  The  hydraulic  limestone  overlying  the 
second  coal-seam  at  Business-corners  contains  a  few  marine 
shells,  among  which  were  observed  ProductuSj  ChoneteSj  Spi- 
rifer  and  Terebratulay  but  in  such  a  state  of  preservation  as 
rendered  their  specific  identification  somewhat  difficult. 

CONCRETIONARY  LIMESTONE. 

This  formation  is  exposed  on  nearly  every  water-course  in 
the  county ;  and  from  the  facility  in  quarrying  it,  and  the 
extent  of  surface  over  which  it  outcrops,  it  becomes  the  most 
important  and  valuable  limestone  deposit  in  the  county.  The 
lower  portion  of  the  bed  is  usually  a  massive  brownish  grey 
magnesian  limestone,  and  has  been  quarried  and  used  for  the 
construction  of  several  of  the  locks  for  the  improvement  of 
the  navigation  of  the  Des  Moines  river,  for  which  purpose  it 
is  well  adapted.  The  middle  portion  is  always  more  or  less 
concretionary  in  structure,  and  only  suitable  for  the  manu- 
facture of  lime.  Some  of  the  finegrained  strata  in  this  portion 
of  the  bed  are  susceptible  of  receiving  a  fine  polish,  and  the 
limestones  on  Chequest  creek  have  obtained  some  celebrity 
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as  a  marble,  a  block  of  which  was  sent  by  the  citizens  of 
this  portion  of  the  county  to  the  National  Monument  at 
Washington. 

The  Concretionary  limestone  outcrops  in  the  bluflfs  of  the 
Des  Moines  river,  on  one  or  both  sides,  throughout  the  coun- 
ty ;  also  on  Indian,  Bear,  Chequest  and  Holcomb's  creeks  on 
the  south  side  of  the  river,  and  on  Crooked,  Lick,  Coates, 
Reed,  Cedar  and  Rock  creeks  in  the  north  part  of  the  county. 

Fossils.  The  lower  portion  of  this  bed  is  characterized  by 
silicified  specimens  of  Lithostrotion  canadense  (L.  basaltica)  of 
Owen,  which  are  abundant  at  almost  every  locality  where 
the  rock  is  exposed ;  and  on  the  south  side  of  the  river  at 
Keosauqua,  they  may  be  seen  in  place  at  the  base  of  the 
bluff  just  above  low-water  mark,  in  the  magnesian  portion 
of  the  rock. 

Fossil  shells  are  abundant  in  the  marly  partings  between 
the  limestones  at  Keosauqua  and  at  Seigler's  mill  on  Cedar 
creek;  and  on  Indian  creek,  near  the  residence  of  Mr. 
Thompkins,  the  limestones  are  filled  with  ProductuSy  Bellero- 
phoriy  Orthis,  etc.  of  species  yet  undetermined,  except  the 
Productus  altonensis  of  Pbatten  and  Norwood,  which  was 
identified  at  this  locality.  Crinoidal  joints  were  common  in 
the  marly  limestones  at  Seigler's  mill,  but  no  parts  of  the 
bodies  of  these  interesting  fossils  could  be  found. 

GEODE  BED. 
The  argillaceous  shales  and  marlites  of  the  Geode  bed 
outcrop  on  the  Des  Moines  river  from  the  vicinity  of  Far- 
mington  to  three  miles  below  Keosauqua,  where  they  pass 
below  the  river  level  and  disappear.  The  only  interesting 
specimens  afforded  by  this  bed  are  the  minerals  contained  in 
a  crystallized  form  in  the  geodes,  consisting  of  quartz,  calc 
spar,  dolomite,  zinc  blende,  sulphuret  of  iron,  and  chalce- 
dony. Sometimes  the  lower  part  of  the  bed  becomes  quite 
calcareous,  and  contains  a  few  fossils  which  are  usually 
identical  with  those  from  the  limestones  below. 
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KEOKUK  LIMESTONE. 

This  formation  first  appears  on  the  Des  Moines  river  in 
this  county  about  two  miles  below  Bonaparte,  and,  gradually 
thickening  in  a  westerly  direction,  attains  its  maximum  in 
the  vicinity  of  Bentonsport,  where  it  reaches  an  elevation 
of  about  seventy  feet  above  the  bed  of  the  river.  From  this 
point  it  is  gradually  depressed,  until  it  finally  disappears 
below  the  river  level  about  four  miles  above  Bentonsport. 
The  upper  portion  of  the  bed  is  also  exposed  for  a  short  di- 
stance on  Indian  creek,  about  three  miles  from  Farmington. 

This  limestone  presents  the  same  lithological  characters 
here  as  at  Keokuk,  consisting  in  the  upper  part  of  regularly 
bedded  bluish  grey  limestone  with  seams  of  marlite,  while 
the  lower  part  becomes  a  thinbedded  and  cherty  rock  like 
the  equivalent  strata  which  outcrop  along  the  Lower  rapids 
on  the  Mississippi  river.  The  upper  part  of  the  bed  a£fords 
good  building  material  in  the  vicinity  of  Bentonsport  and 
Bonaparte,  where  extensive  quarries  have  been  opened  in  it. 

Fossils.  The  fossils  obtained  from  the  Keokuk  limestone 
at  this  point  appear  to  be  identical,  specifically,  with  those 
most  characteristic  of  it  at  places  farther  east.  The  Fenestella 
{Archimedes)  owenana  of  Hall,  Productus  semireticulatus^  P. 
punctatusy  Spirifer  identical  with  those  common  at  Keokuk, 
and  the  large  Orthis  referred  by  Owen  to  0.  umbractdumy  are 
among  the  most  common  fossils  noticed  at  these  localities. 
A  few  palate  bones  and  teeth  of  fishes  were  obtained  here, 
but  they  are  by  no  means  abundant.  Spines  of  the  Actino- 
crinus  mississippiensis  of  Rcemer  were  quite  common,  and  one 
body  of  this  fine  species  was  obtained  in  the  quarries  at 
Bentonsport.  The  marly  seams  contain  many  fine  forms  of 
Bryozoa  in  a  good  state  of  preservation,  as  well  as  fragments 
of  trilobites. 
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ECONOMICAL    GEOLOQY. 

Building-stone.  The  Keokuk  limestones  outcrop  on  the  Des 
Moines  river  for  a  distance  of  about  six  miles  in  the  vicinity 
of  Bentonsport  and  Bonaparte,  affording  an  abundance  of 
good  building  material  at  those  places.  The  Concretionary 
limestone,  however,  must  always  be  the  main  resource  for 
building-stone  in  this  county,  from  the  fact  that  it  outcrops 
on  nearly  every  creek  in  the  county,  and  hence  is  easily 
accessible  at  all  points. 

Flagging-stones.  Some  of  the  upper  layers  of  the  Concre- 
tionary limestone  in  this  county  are  suitable  for  flaggings, 
and  may  be  quarried  in  strata  from  one  to  three  inches  in 
thickness. 

Marble.  On  Chequest  creek,  the  upper  portion  of  the  con- 
cretionary bed  is  a  finegrained  compact  limestone  of  a  light 
grey  or  dove-color,  breaking  with  a  conchoidal  fracture,  and 
susceptible  of  a  fine. polish.  The  rock  seems  well  adapted  to 
many  purposes  for  which  an  ornamental  stone  is  required, 
and  has  acquired  some  reputation  as  Chequest  marble. 

Iron-ore.  Thin  bands  of  the  variety  of  iron  ore  known  as 
limbnite  occur  in  connection  with  the  lower  Coal  measures 
in  this  county,  but  have  not  yet  been  found  in  quantities 
sufficient  to  justify  the  erection  of  furnaces.  At  Martin's 
coal-bank,  a  band  of  red  and  yellow  ochre,  about  two  feet  in 
thickness^  occurs  in  the  shale  above  the  coal. 

Cod.  Vanburen  county  is  well  supplied  with  coal  from  the 
two  lower  seams,  which  have  been  opened  in  various  parts 
of  this  county,  especially  along  the  Des  Moines  river. 

The  best  coal  yet  found  in  this  county  comes  from  the 
second  coal-seam  in  the  vicinity  of  Business-corners  and 
lowaville.  This  seam  varies  from  three  to  five  feet  in  thick- 
ness, and  is  usually  overlaid  by  a  band  of  hydraulic  lime- 
stone. It  contains  less  sulphuret  of  iron  than  the  lower  seam,  < 
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and  is  consequently  better  adapted  to  mechanical  purposes. 

Patterns  Clay.  Fire  clay,  suitable  for  the  manufacture  of 
fire  brick  and  pottery,  occurs  in  several  places  in  this  county 
in  connection  with*  the  lower  coal-seam,  as  at  Thomas's  coal- 
bank  on  Cedar  creek,  and  in  the  vicinity  of  Portland. 

Quicklime.  The  Concretionary  limestone  furnishes  an  in- 
exhaustible resource  for  the  manufacture  of  quicklime,  and 
is  accessible  on  nearly  every  stream  in  the  county,  except 
Fox  river.  As  some  portions  of  this  bed  are  magnesian  and 
others  arenaceous,  some  care  will  be  requisite  in  selecting 
material  for  burning. 

Sand  and  Clay.  These  materials  are  abundant  in  all  parts 
of  the  county,  furnishing  an  inexhaustible  supply  for  the 
manufacture  of  brick. 

With  an  abundant  supply  of  rock  suitable  for  building 
purposes,  outcropping  in  almost  every  portion  of  the  county ; 
stone  coal,  and  timber  equally  abundant  and  easily  obtained, 
and  water  power  sufficient  for  all  mechanical  and  manufac- 
turing uses,  Vanburen  county  stands  unrivalled  as  a  desirable 
field  for  investment,  either  to  the  mechanic,  the  manufacturer 
or  the  agriculturist. 
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JEFFERSOnr  COUNTY. 


Jefferson  County  is  bounded  on  the  east  by  Henry  county, 
on  the  north  by  Washington  and  Keokuk  counties,  on  the 
west  by  Wapello  county,  and  on  the  south  by  Vanburen 
county.  It  has  a  superficial  area  of  twelve  townships,  or 
about  432  square  miles.  The  surface  is  generally  rolling,  and 
some  parts,  especially  along  Skunk  river,  are  somewhat 
broken. 

The  prairies  in  this  county  are  generally  small,  and  the 
supply  of  timber  abundant.  The  timber  consists  for  the  most 
part  of  black  and  white  oak,  shellbark  and  pignut  hickory, 
slippery  and  red  elm,  linden,  cherry,  black  walnut,  sugar 
maple,  redbud  and  honey  locust. 

The  principal  water-courses  in  the  county  are  Skunk  river 
and  Cedar  creeks,  with  their  tributaries.  Skunk  river  enters 
the  county  at  the  northeast  comer,  and  runs  south  along  the 
county  line  to  about  the  middle  of  the  county,  and  then 
passes  out  in  a  southeast  direction  into  Henry  county.  This 
stream  affords  good  water  power  at  intervals  of  four  or  five 
miles,  which  has  been  improved  by  the  erection  of  mills  at 
several  points  in  the  county. 

Cedar  creek  enters  the  county  from  the  west  near  the 
middle,  and  runs  diagonally  through  it,  passing  out  near  the 
southeast  corner.  This  stream  affords  many  good  millsites, 
but  the  supply  of  water  is  not  sufficient  to  run  them  at  all 
seasons  of  the  year. 

In  addition  to  these  streams,  Jefferson  county  contains 
several  others  of  smaller  size,  among  which  are  Walnut  and 
Brush  creeks,  which  afford  a  good  supply  of  stock  water  the 
greater  part  of  the  year. 

An  abundant  supply  of  well-water  is  obtained  on  the 
prairies  by  digging  from  fifteen  to  twenty-five  feet  below  the 
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surface ;  and  on  the  timber  lands,  it  may  usually  be  found 
at  depths  varying  from  twenty-five  to  forty  feet. 

The  following  section  exhibits  the  geological  formations 
outcropping  in  Jefferson  county,  and  their  relative  position. 

Alluyium. 

Drift  deposits 60-75  feet. 

Coal  measures 75  -  100  feet. 

Concretionary  limestone        25  feet. 

Blue  argillaceous  and  calcareous  shales  of  the  Oeode  bed,  10  -  12  feet. 

ALLUVIUM. 

Narrow  belts  of  alluvial  bottoms  occur  on  Skunk  river  and 
Cedar  creeks,  but  not  of  sufficient  extent  to  form  a  striking 
feature  in  the  physical  structure  of  the  country,  and  are 
only  valuable  for  the  fine  timber  they  afford. 

DRIFT  DEPOSITS. 

This  formation,  consisting  of  beds  of  yellow  clay,  gravel 
and  sand,  is  spread  over  the  entire  surface  of  the  county  to 
the  depth  of  sixty  feet  or  more,  except  along  the  streams 
where  it  has  been  partially  or  wholly  carried  away  by  the 
action  of  running  water.  The  lower  portion  of  the  formation 
consists  of  beds  of  sand  and  gravel  with  imbedded  boulders 
of  granite,  gneiss,  porphyry  and^  quartz  rock;  while  the 
upper  portion  consists  mostly  of  yellow  clay  with  a  few 
pebbles,  sometimes  alternating  with  beds  of  sand. 

No  minerals  of  any  value  occur  in  this  deposit ;  and  it 
has  as  yet,  so  far  as  I  am  aware,  afforded  no  fossils « in  this 
county. 

A  bountiful  supply  of  water  is  yielded  to  the  wells  sunk 
in  this  formation,  from  the  underground  streams  that  perco- 
late through  its  sandy  portions. 
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COAL  MEASURES. 


At  least  three-fourths  of  the  surface  of  Jefferson  county  is 
underlaid  by  rocks  belonging  to  the  Coal  formation,  though 
workable  coal-seams  may  not  be  found  everywhere  over  this 
extent.  The  beds  are  so  exceedingly  variable  in  thickness, 
that  a  seam  of  coal,  three  feet  thick  at  one  point,  may  thin 
out  to  as  many  inches  in  a  distance  of  two  or  three  miles, 
or  perhaps  entirely  disappear.  This  is  illustrated  by  the  fol- 
lowing local  sections  : 

Fig.  31. —  Section  at  Huntsinger's  Coal-bank  on  Cedar  creek,  2  miles  S.  of  Fairfield. 


i  micaeeoQS  sandstone,  weathering  to  loose  sand 

on  exposed  snrfaoes ;  the  strata  varying  from  six 

.-.-..   .-.,- --         to  twelve  inches  in  thickness    .     .    20  feet. 

/j        _ 

Bituminous  slate  and  impure  coal   .      2  feet  6  in. 

Band  of  iron  ore       6  in. 

-3     Bluish  grey  shale 5  feet. 

Coal 2  feet. 

Bituminous  slate 3  feet. 

Coal,  said  to  be  four  feet  thick  (at 

present  unexposed) 4?  feet. 

-y— -..ga.,,,-* ^  Slaty  sandstone,     the  lower  layers 

i  "*  I      I     "I       i  •    -T —    \     \   '        somewhat  calcareous       ....  8  feet. 

The  lower  bed  in  the  above  section  doubtless  rests  im- 
mediately upon  and  merges  into  the  Concretionary  limestone, 
which  outcrops  both  above  and  below  at  no  great  distance 
in  the  bed  of  the  creek. 

Fio.  32. —  Section  at  Thompson's. Mill  on  Cedar  creek,  three  miles  below  Huntsinger's. 

Band  of  limestone 1  feet. 

-. -.     Coal 1  foot  3  in. 

fy.^,-;*  ,' .    •  ^ .  •  y^X,     Chocolate-colored  shale     ....      1  foot  6  in. 
i--<n'\%^*'yc^l^^^^>it     Thinbedded  sandstone 6  feet* 

~     Grey  shale 10  feet. 

^     Bituminous  slate 2  feet  6  in, 

y T'r'^^^^^^^Ti;^!'^ .~"  J  Green  marly  clay      .,,.,.      2  feet. 

A-      -^ — -^'^^J^:! — :-^ —   . —  —  }  Concretionary  limestone     ,    .     .     .      3  feet. 

[Iowa  Subvby.)  30 
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The  distance  between  the  points  where  the  two  foregoing 
sections  were  made  does  not  exceed  three  miles,  and  yet  the 
variations  in  the  lithological  character  of  the  same  strata 
are  very  notable.  We  find  the  four-foot  seam  of  coal  of  the 
first  section  here  represented  by  two  and  a  half  feet  of  bi- 
tuminous slate,  and  sixteen  feet  in  thickness  of  shale  and 
sandstone  interposed  between  this  and  the  next  coalnseam ; 
whereas,  at  the  other  locality,  they  were  only  separated  by 
three  feet  of  bituminous  slate. 

The  band  of  limestone  at  the  top  of  this  section  afforded 
a  few  fossil  shells,  among  which  were  two  or  three  species 
of  ProduduSf  a  small  Spirifer^  a  NautiltiSy  and  the  tail  of  a 
trilobite.  The  thinbedded  sandstone  also  contained  traces  of 
plants,  and  a  specimen  of  Lepidodendron  was  obtained  in  a 
quarry  on  the  north  side  of  the  creek. 

The  Concretionary  limestone,  forming  the  base  of  the 
section,  presents  its  usual  lithological  characters,  being 
brecciated  and  concretionary,  but  containing  no  fossils  at 
this  point.  The  green  marly  clay  resting  upon  the  limestone 
I  have  no  hesitation  in  referring  to  the  same  age  with  the 
limestone,  although  at  this  point  it  affords  no  fossils. 

The  following  section,  made  near  the  mouth  of  Brush 
creek  on  the  northeast  quarter  of  Section  36,  serves  farther 
to  illustrate  the  point  under  consideration. 

Fire  clay 16  feet 

Band  of  iron  ore 6  inches. 

(  Grey  marl,  with  ProductuSt  Spiriftr^  Rhynchbndla^  etc.      8  feet. 

)  Concretionary  limestone • 11  feet. 

In  the  above  section  we  see  a  bed  of  fire  clay  coming  in 
immediately  above  the  limestone  deposit,  and  either  re- 
placing the  coal  or  intervening  between  it  and  the  limestone. 
The  slope  of  the  hill  covers  whatever  beds  come  in  above 
the  clay.  The  grey  marl  resting  upon  the  limestone  contains 
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the  same  species  of  Produdus^  Spirifer^  Rhynchonella  and 
Cyathophylla  so  characteristic  of  that  bed  at  other  localities. 

Fig.  83.—  Section  at  Richardson's  Coal-bank,  two  miles  west  of  Fairfield. 

^^-;^=^-=-''p^     Bitvminoos  slate 2  feet. 

g— -— ^cy  "^^r^^i*^ Sparry  limestone  and  septaria   .      ffeet. 

T-'  I    *^    .« i'    —     Shalyclay 6  feet. 

Coal 8  feet. 

■ :     Bitnminoiis  slate 5  feet. 

The  coal  in  this  section  is  quite  free  from  sulphuret  of  iron, 
and  is  the  best  yet  found  in  the  county. 

Six  miles  and  a  half  west  of  Fairfield,  the  same  band  of 
limestone  overlying  Richardson's  coal-seam  outcrops  on  the 
north  side  of  Cedar  creek,  on  Section  35,  T.  72,  R.  11.  The 
coal-seam  underlying  it  here  is  only  eighteen  to  twenty 
inches  thick;  showing  a  thinning  out  of  about  one  half  its 
thickness  in  a  distance  of  four  miles. 

Section  at  Reed?s  Mill  an  Cedar  creek j  three  miles  southwest  of  Fairfield^ 
on  Sec.  10,  T.  71,  R.  10. 

^itaminoiis  slate 2  feet. 

Nodular  limestone  and  septaria       ...  8  feet. 

Slaty  clay  .    S 10  feet. 

Coal •  2  inches 

Shaly  clay  with  crystals  of  selenite    ..     .  13  feet. 

Shaly  micaceous  sandstone  with  ferns  .     .  6  feet. 

Bitmninoua  slate     ........  2  feet  6  inches. 

Coal 6  inches. 

Shaly  clay %  feet. 

Bituminous  slate 2  feet. 

Coal 3  feet  3  inches. 
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Reed's  mill  is  about  one  mile  and  a  half  in  a  direct  line 
south  from  Richardson's  coal-bank,  and  we  find  this  coal- 
seam  dwindled  down  to  a  thickness  of  two  inches  at  this 
point.  The  limestone  above  it,  in  both  localities,  appears  to 
be  the  same.  The  coal  seam  at  the  bottom  of  this  section  is  ^ 
undoubtedly  the  lower  one  at  Huntsinger's,  as  it  holds  the 
same  relative  position,  and  the  Concretionary  limestone 
outcrops  in  the  bed  of  the  creek  not  more  than  one  hundred 
and  fifty  or  two  hundred  yards  from  the  mill,  and  at  about 
the  same  level  as  the  base  of  the  foregoing  section. 

From  a  careful  comparison  of  these  sections,  all  of  which, 
except  the  one  at  Richardson's,  commence  at  about  the  same 
horizon  (the  Concretionary  limestone),  it  will  be  seen  that 
the  Coal  measures  of  this  region  are  exceedingly  irregular. 
Richardson's  coal-sean>  we  find  thinning  out  in  a  westerly 
direction  to  eighteen  inches  in  about  four  miles,  and  in  a 
southerly  direction  to  about  two  inches  in  a  distance  of  a 
mile  and  a  half.  The  lower  seam  at  Huntsinger's,  four  feet 
in  thickness,  is  replaced  at  Thompson's  mill,  about  three 
miles  east,  by  a  two-foot  seam  of  bituminous  coal. 

The  thinbedded  micaceous  sandstone  at  Reed's  mill  con- 
tains ferns,  and  some  other  plants  in  a  good  state  of  pre- 
servation. The  shaly  clay  overlying  this  sandstone  contains 
crystals  of  selenite  in  considerable  abundance,  though  usually 
of  small  size. 

CONCRETIONARY  LIMESTONE. 

This  is  the  principal  limestone  formation  outcropping  in 
this  county,  and  is  found  on  Cedar  creek  as  far  north  as 
Reed's  mill,  on  Skunk  river,  and  on  Walnut  creek  for  two 
or  three  miles  from  the  mouth.  It  has  everywhere  a  brec- 
ciated  and  concretionary  structure,  which  renders  it  ill 
adapted  to  the  purposes  of  building.  The  lower  part  of  the 
bed  appears  to  be  arenaceous,  and  may  afford  some  good 
building  material. 
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Fossils  are  not  very  abundant  in  this  formation  in  this 
county ;  but  at  Reed's  mill,  and  on  Brush  creek,  a  few  of 
the  most  characteristic  species  were  obtained. 

ARGILLO-CALCAREOUS  SHALES  OF  THE  GEODE  BED. 

Skunk  river,  from  the  northeast  corner  of  the  county  to 
a  point  some  two  or  three  miles  below  Deedsville,  runs  upon 
this  formation,  exposing  at  intervals  thin  bands  of  limestone 
which  may  be  considered  the  equivalents  of  the  Keokuk 
limestones.  These  are  the  lowest  beds  outcropping  in  the 
county,  and  appear  to  have  thinned  out  very  much  in  their 
northerly  direction,  not  exhibiting  more  than  ten  or  twelve 
feet  in  perpendicular  thickness. 


ECONOMICAL    aEOLOGY. 

Cod.  Coal  is  by  far  the  most  valuable  mineral  product  to 
be  found  in  Jefferson  county ;  and  notwithstanding  the  great 
irregularity  with  which  the  coal  seems  to  have  been  depo- 
sited in  this  region,  there  is  undoubtedly  within  the  limits 
of  the  county  an  adequate  supply  for  a  long  period.  The 
lower  seam  has  been  opened  in  almost  every  township  in 
the  county,  and  is  the  one  mainly  to  be  relied  on  for  future 
supplies.  The  upper  seam  probably  underlies  but  a  limited 
tract  of  country;  and  it  has  nowhere  yet  been  found  thick 
enough  to  justify  being  wrought,  except  in  the  vicinity  of 
Fairfield.  The  coal  from  the  upper  seam  contains  less  sul- 
phuret  of  iron  than  almost  any  other  yet  found  in  the  State, 
and  is  in  consequence  much  sought  after  for  mechanical 
purposes. 

Iron-ore.  Thin  beds  of  iron  ore,  consisting  of  red  and 
brown  hematite,  occur  almost  everywhere  in  connection  with 
the  lower  coal-seams,  but  has  not  yet  been  discovered  in 
quantities  sufficient  to  justify  the  erection  of  furnaces. 
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Fire-clay.  Beds  of  fire  clay  are  found  in  vaiions  parts  of 
the  county,  in  connexion  with  the  coal-seams ;  and  on  Brush 
creek  near  the  mouth,  on  the  northeast  quarter  of  Sec.  36,  is 
a  bed  about  fifteen  feet  thick,  resting  on  the  Concretionary 
limestone,  with  a  few  inches  of  iron  ore  between.  The  lower 
part  of  the  bed  is  somewhat  slaty  in  texture,  but  the  upper 
part  seems  to  be  of  excellent  quality.  Should  it  prove  as  good 
as  its  appearance  would  indicate,  it  must  become  a  valuable 
addition  to  the  resources  of  that  part  of  the  county. 

Building  materials.  Jefferson  county  is  not  well  supplied 
with  good  building  stone ;  her  main  resource  being  the 
sandstones  of  the  Coal  measures,  which  are  not  very  reliable 
when  exposed  to  atmospheric  agencies,  and,  if  used  at  all, 
require  to  be  selected  with  much  care.  The  Concretionary 
limestone  is  accessible  along  the  eastern  part  of  the  county ; 
but  owing  to  its  irregular  stratification,  it  affords  but  little 
material  for  good  walls.  Some  good  building  stone  may  pro- 
bably be  obtained  from  the  lower  part  of  this  bed,  at  Har- 
mon's quarries  and  some  other  points  in  the  southeast  part 
of  the  county,  where  the  rock  seems  to  be  somewhat  arena- 
ceous and  more  regularly  bedded  than  the  purer  limestones 
at  the  top. 

The  limestone  overlying  Richardson's  coal-seam  is  used, 
to  a  considerable  extent  in  the  neighborhood  of  its  outcrop, 
for  rough  walls,  but,  owing  to  its  irregular  fracture,  is  not 
well  adapted  to  that  purpose. 

Quicklime.  The  Concretionary  limestone  is  the  main  re- 
source for  the  manufacture  of  quicklime  in  this  county,'  and 
no  better  article  for  that  purpose  need  be  desired  than  that 
afforded  by  Harmon's  quarries.  It  is  also  accessible  at  va- 
rious localities  in  the  eastern  pUrt  of  the  county,  on  Brush 
and  Walnut  creeks,  as  well  as  several  smaller  tributaries  of 
Skunk  river.* 

Clay  and  Sand  for  Brick.  An  abundant  supply  of  these 
materials  is  furnished  by  the  Drift  deposit  in  all  parts  of  the 
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county;  the  clay  being  accessible  immediately  below  the 
subsoil,  and  the  sand  along  the  breaks  of  the  streams,  where 
the  sand-beds  of  the  deposit  have  been  exposed  by  the  action 
of  the  water. 


WASHINGTON  COliNTY. 

Washington  County  is  bounded  on  the  east  by  Louisa  and 
Johnson  counties,  on  the  north  by  Johnson  and  Iowa  coun- 
ties, on  the  west  by  Keokuk  county,  and  on  the  south  by 
Jefferson  and  Henry  counties.  It  comprises  a  superficial  area 
of  nearly  sixteen  townships,  or  about  570  square  miles.  The 
surface  ig  generally  rolling  prairie,  with  some  belts  of  good 
timber  along  the  streams. 

The  principal  water-courses  in  the  county  are  the  Iowa, 
Skunk  and  English  rivers,  and  Crooked  creek.  The  Iowa 
river  traverses  the  eastern  portion  of  the  northeastern  town- 
ship in  the  county  only.  Skunk  river  runs  diagonally  through 
two  townships  in  the  southwest  part  of  the  county,  and  En- 
glish river  runs  nearly  due  east  through  the  most  northteriy 
tier  of  townships.  Crooked  creek  traverses  a  considerable 
portion  of  the  t^entral  and  southeastern  parts  of  the  county, 
and  empties  into  Skunk  river  near  the  corner  of  Henry  and 
Jefferson  counties. 

Skunk  and  English  rivers  afford  considerable  water  power, 
and  several  fine  mills  are  in  successful  operation  on  these 
streams  in  this  county. 

The  heaviest  body  of  timber  in  the  county  is  in  the 
southern  portion,  on  Skunk  river  and  Crooked  creek.  It 
consists  for  the  xnost  part  of  black  and  white  oak,  black  and 
white  walnut,  shellbark  and  pignut  hickory,  elm,  ash,  linden, 
cherry,  white  and  sugar  maple,  hackberry,  buckeye,  syca- 
more and  honey  locust.  Considerable  belts  of  timber  are  also 
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found  in  the  north  part  of  the  comity,  on  English  river  and 
its  tributaries  ;  but  taken  as  a  whole,  Washington  county  is 
not  as  well  supplied  with  timber  as  some  of  the  adjoining 
ones. 

The  streams  above  mentioned  furnish  an  ample  supply  of 
stock  water ;  and  upon  the  prairie,  good  wells  of  neverfailing 
V  water  are  obtained  at  depths  of  from  twenty  to  forty  feet 
below  the  surface.  Along  the  banks  of  the  streams  the  wells 
require  to  be  deeper,  and  in  some  cases  a  depth  of  fifty  feet 
failed  to  afford  an  adequate  supply. 

The  following  section  exhibits  the  various  geological 
formations  outcropping  in  the  county,  and  their  relative 
position  : 

Alluvium. 

Drift  deposits 40  -  60  jpt. 

Coal  measures 15  -  20  ft. 

Concretionary  limestone 25  feet. 

Argillaceous  and  calcareous  shales  of  the  Geode  bed  .     .     .     15-20  ft. 
Keokuk  limestone  ? 

Burlington  limestone 10  -  12  ft. 

Gritstones  and  arenaceous  limestones  of  the  Chemung  group,     50  feet. 


ALLUVIUM. 

The  deposits  strictly  referable  to  this  formation  in  Wa- 
shington county,  are,  the  soil  everywhere  covering  the  sur- 
face, and  narrow  belts  of  alluvial  bottom  lands  skirting  the 
principal  streams  :  these  consist  of  irregularly  stratified 
deposits  of  sand,  gravel,  and  decomposed  vegetable  matter, 
the  whole  seldom  exceeding  ten  or  fifteen  feet  in  thickness. 
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DRIFT  DEPOSITS. 

The  entire  surface  of  Washington  county  is  covered  with 
a  heavy  deposit  of  drift  material,  presenting  the  usual  cha- 
racteristics of  this  formation,  and  consisting  of  irregularly 
stratified  beds  of  sand,  gravel  and  clay,  with  an  average 
thickness  of  from  forty  to  sixty  feet.  Along  the  bluffs  of  the 
Iowa  river,  the  upper  portion  of  the  bed  presents  the  litho- 
logical  characters  of  the  LoesSj  but  no  fossils  were  found  to 
determine  its  identity. 

The  drift  of  this  region  contains  a  greater  amount  of  are- 
naceous or  sandy  material  than  is  found  in  the  same  deposit 
farther  south,  which  seems  to  have  been  derived  from  the 
decomposition  of  the  sandstones  and  shales  of  the  Coal  mea- 
sures in  the  immediate  vicinity.  Outliers  of  these  sandstones 
and  shales  must  have  existed  over  all  the  northern  portion 
of  the  county  previous  to  the  Drift  period,  and  have  been 
broken  up  and  redeposited  by  Drift  agencies,  in  beds  of  loose 
sand,  with  boulders  of  soft  quartzose  sandstone,  which  form 
the  base  of  the  Drift  formation  in  this  county.  Fragments  of 
coal  are  also  quite  common  in  this  deposit,  and  have  been 
derived  from  the  coal-seams  previously  existing  in  the  out- 
liers above  mentioned,  but  are  no  evidence  of  the  presence 
of  workable  coal-seams  in  the  vicinity. 

COAL  MEASURES. 

Outliers  of  rocks  referable  to  the  age  of  the  coal  se^m  to 
have  been  originally  spread  over  a  considerable  portion  of  the 
surface  of  Washington  county,  but  have  to  a  great  extent 
been  broken  up  and  carried  away  by  drift  agencies.  On  the 
northeast  quarter  of  Section  5  in  Brighton  township,  on  the 
land  of  Mr.  Fabrieb,  coal  is  obtained  from  one  of  these  out- 
liers, and  the  only  one.  yet  found  in  the  county  that  affords 
a  workable  coal-seam. 

[Iowa  SubvetJ  31 
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The  beds  exposed  at  this  locality  give  the  following 
section  : 

Fig.  84. 

^     Sbalyolay Sfeet. 

Coal 3|feei. 

==iSr^ ^-::^=E^^.^     SlAtyolay 2-3  fMt. 

J  /   I       /'i      f*    '^'~       Ferraginoof  quarisoie  sandstone,  partially  exposed. 
^  p   ^7^ — 1  ~^^Z^i^  7^ — ^      (iQQQfQ^jQi^i^,^ I^Qiestone     ....    10  feet. 

^^^^^^^ 

Although  borings  have  been  made  at  several  points  in.  this 
neighborhood  in  the  expectation  of  striking  this  coal-seam, 
no  coal  has  been  found ;  and  it  is  probable  this  is  but  a  very 
limited  deposit,  occurring  in  a  depression  of  the  limestone, 
and  covering  but  a  small  extent  of  surface.  The  coal  itself 
is  of  a  very  inferior  quality,  and  contains  an  amount  of  sul- 
phuret  of  iron  that  renders  it  xmfit  for  smithing  purposes, 
except  a  poi  tion  of  the  middle  of  the  seam  from  six  to  twelve 
inches  thick,  which  approaches  cannel  coal  in  structure,  and 
is  quite  free  from  sulphuret  of  iron. 

Outliers  of  the  quartzose  sandstone,  forming  the  base  of 
the  Coal  measures  in  this  region,  were  observed  in  the  vi- 
cinity of  Wassonville  in  the  northwest  part  of  the  county, 
and  on  Davis  creek  and  Goose  creek  in  the  northeast,  some- 
times resting  upon  the  Burlington  limestone,  and  sometimes 
on  the  gritstones  and  arenaceous  limestones  of  the  Chemung 
group  beneath. 

CONCRETIONARY  LIMESTONE. 


This  formation  underlies  all  the  southern  portion  of  the 
county,  outcropping  on  Skunk  river  and  its  branches,  and 
on  Crooked  creek  to  a  point  about  three  miles  south  of 
Washington.   It  is  here  a  rough  irregularly-bedded  white 
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limestone,  concretionary  in  its  structure,  with  green  marly 
seams  and  partings,  the  lower  portion  passing  into  a  soft 
shaly  sandstone  which  readily  decomposes  on  exposure  to  the 
atmosphere. 

The  lower  part  of  the  bed  is  well  exposed  in  the  south 
bluff  of  Skunk  river  one  mile  north  of  Brighton,  where  the 
following  section  may  be  seen  : 

Concretionary  limestone 25-30  feet. 

Ash-colored  Bandy  layers,  easily  decomposed  and  shaly,  15-20  feet. 
Blue  argillaceous  marlites  of  the  Geode  bed      ...       6  feet. 

The  ash-colored  sandy  layers  of  this  bed  represent  the 
massive  magnesian  portion  of  the  formation  at  points  farther 
south,  which  forms  in  the  more  southern  counties  so  valuable 
a  material  for  heavy  masonry,  and  is  here  rendered  entirely 
worthless  for  all  economical  purposes  by  the  change  which 
has  taken  place  in  its  lithological  characters.  The  limestone 
forming  the  upper  portion  of  the  formation  is  usually  too 
concretionary  in  its  structure  to  afford  a  good  building  stone ; 
but  at  some  points  it  becomes  locally  more  regularly  bedded, 
and  is  sufficiently  massive  to  be  a  tolerably  good  material  i 

for  ordinary  building  purposes.  | 

Fossils  are  not  so  abundant  in  this  rock  in  Washington 
county  as  at  points  farther  south,  the  Lithostrotion  canadense 
being  the  only  one  recognized. 


GEODE  BEDS. 

The  blue  argillaceous  marlites  of  the  Gteode  bed  outcrop 
along  the  bed  of  Skunk  river,  forming  the  lowest  rock  ex- 
posed in  the  bed  of  the  stream.  It  affords  no  material  of 
economical  value. 
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KEOKUK  LIMESTONE  ? 

No  rocks  were  seen  in  Washington  county  that  could  be 
positively  identified  with  the  Keokuk  limestone ;  but  as  the 
rocks  above  and  below  were  found  in  situ,  this  formation  may 
also  exist  here,  though  probably  so  much  reduced  in  thick- 
ness as  to  be  easily  concealed  beneath  the  superincumbent 
Drift  material. 


BURLINGTON  LIMESTONE. 

This  well-marked  subdivision  of  the  Mountain  limestone 
series  is  exposed  at  several  localities  in  the  county;  and 
although  it  is  only  found  from  four  to  twelve  feet  in  thick- 
ness, and  thins  out  altogether  before  reaching  the  north  line 
of  the  county,  it  nevertheless  presents  its  usual  well-marked 
lithological  and  palseontological  characters. 

The  first  exposure  of  this  rock  seen  in  the  county  was  on 
Crooked  creek  three  miles  northwest  of  Washington,  at  Mac 
Millan's  quarries,  where  the  following  section  is  exposed  : 

Arenaceous  cherty  layers 2  feet. 

Burlington  limestone 10  feet. 

Buff-colored  arenaceous  layers     ...  3  feet. 

Unexposed       6  feet.    . 

The  limestone  in  the  above  section  is  thinbedded,  the 
strata  varying  in  thickness  from  three  to  six  inches.  It  is  a 
light-grey  crinoidal  limestone  with  some  brownish  layers, 
and  scarcely  difiers  in  its  lithological  characters  from  the 
same  beds  where  more  fully  developed  in  Illinois  and  Mis- 
souri. 
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The  following  characteristic  fossils  were  obtained  in  these 
quarries  :  Actinocrinus  rotundus,  A.  verneuilianusy  A.  christyi, 
A.  multiradiatusy  Pentremites  elongatusj  P.  norwoodii  and  P. 
melo.  The  large  Spirifer  characteristic  of  this  bed  at  Bur- 
lington ( Iowa)  and  Quincy  ( Illinois)  was  also  found  here, 
together  with  Producttis  flemingii  and  several  species  of 
CapultiSy  OrthiSy  Cyathophyllay  etc. 

At  Walker's  quarries  on  Goose  creek,  on  Sec.  20,  Town- 
ship 76,  N.  Range  6  west,  the  limestone  is  eight  feet  thick, 
and  presents  nearly  the  same  lithological  characters  as  at 
McMillan's  quarries. 

In  the  vicinity  of  Wassonville,  as  well  as  at  Hawthorne's 
quarries  on  Davis  creek,  on  Sec.  31,  Township  77  N.,  Range 
6  west,  the  limestone  has  thinned  out  to  a  thickness  of  from 
four  to  six  feet,  and  is  overlaid  by  the  quartzose  sandstone 
of  the  Coal  measures,  and  here  finally  disappears  in  a  nor- 
therly direction.  This  is  the  same  limestone  which,  forty 
miles  above  St.  Louis,  in  the  bluffs  of  the  Mississippi,  is 
about  two  hundred  feet  in  thickness. 

CHEMUNG  OROUP. 

The  rocks  referable  to  this  group  consist  of  soft  gritstones 
and  arenaceous  limestones,  and  outcrop  on  English  river  from 
its  mouth  to  the  northwest  part  of  the  county,  about  one 
mile  west  of  Wassonville,  where  they  disappear  beneath  the 
Drift  deposits. 

The  following  section,  made  at  Wassonville,  is  the  most 
complete  one  obtained  of  these  beds  in  this  county : 

Slope  with  outoropping  masses  of  quartzose  sandstone,    6  feet. 

Burlington  limestone 3-4  fset. 

Massive  brown  arenaceous  limestone 42  feet. 

Ash-colored  gritstone       2  feet  2  in. 

Bnff-colored  gritstone 6  feet  6  in. 
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These  gritstones  bear  a  close  resemblance  to  their  equiva- 
lents at  Burlington,  both  in  lithological  characters  and  in  the 
fossils  they  contain.  The  rock  splits  in  all  directions  when 
exposed  to  the  action  of  the  atmosphere,  which  renders  it 
worthless  for  building  purposes. 

The  brown  arenaceous  limestone  is  tolerably  massive ;  the 
strata  varying  in  thickness  from  six  to  fifteen  inches,  and, 
presenting  a  bold  line  of  cliffs  along  its  outcrop,  it  seems 
well  adapted  to  common  use  as  a  building  stone.  It  contains 
seams  and  lenticular  masses  of  chert  filled  with  fossil  shells, 
which  appear  to  be  identical  with  those  from  the  Oolitic 
limestone  at  Burlington.  In  its  lithological  characters,  it 
closely  resembles  the  brown  arenaceous  layers  at  the  base  of 
the  Burlington  limestone  at  Burlington ;  but  I  did  not  find  a 
single  crinoid  in  it,  or  any  other  fossil  that  could  be  referred 
imequivocally  to  the  Mountain  limestone  period.  It  contained 
one  species  of  ChoneteSy  two  or  three  of  BellerophoTij  one  of 
EuomphaluSy  one  or  two  of  ProdudxxSy  and  a  Spirifer. 

These  beds  also  outcrop  on  Davis  creek  and  (joose  creek, 
near  the  east  line  of  the  county. 


ECONOMICAL    GEOLOGY. 

Coal.  Washington  county  is  but  poorly  supplied  with  coal, 
her  resources  being  confined,  so  far  as  is  at  present  known, 
to  the  local  outlier  before  mentioned  in  Brighton  township. 
Although  the  shales  and  sandstones  belonging  to  the  Coal 
measures  are  found  at  several  localities  in  the  county,  they 
have  nowhere  else  afforded  a  workable  coal-seam ;  and  from 
the  fact  that  rocks  older  than  the  Coal  measures  are  every- 
where exposed  where  the  streams  cut  through  the  superin- 
cumbent Drift  deposits,  it  is  not  probable  that  any  extensive 
deposits  of  coal  exist  within  the  limits  of  the  county.  A 
local  outlier  like  the  one  on  Mr.  Farrier's  place  may  occur 
anywhere   above  the  limestones,  and  their   presence  can 
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only  be  determined  by  boring  from  the  highest  level  of  the 
country  down  to  the  limestone,  which  everywhere  underlies 
the  coal  in  this  region.  The  fact  that  these  outliers  seldom 
afford  a  coal-seam  more  than  two  or  three  feet  in  thickness, 
and  the  coal  of  an  inferior  quality,  is  far  from  encouraging 
to  those  who  feel  disposed  to  invest  money  or  labor  in 
searching  for  coal  in  this  region. 

Building-stone.  In  the  southern  portion  of  the  county,  the 
Concretionary  limestone  is  the  only  rock  exposed,  that  can 
be  made  available  as  a  building  material,  and,  from  its 
uneven  bedding  and  concretionary  structure,  is  not  well 
adapted  to  the  purpose.  At  some  points,  however,  along 
Skunk  river,  the  quarries  in  this  bed  afford  a  tolerable  ma- 
terial for  rough  walls.  The  central  portions  of  the  county 
are  supplied  with  a  tolerable  building  stone  from  the  Bur- 
lington limestone,  which  outcrops  on  Crooked  creek  at 
several  points  northwest  of  Washington,  as  well  as  on  Goose 
creek  and  Davis  creek  in  the  northeast  part  of  the  county. 
This  rock  is  quite  thinbedded,  the  strata  seldom  exceeding 
four  or  five  inches  in  thickness,  but  is  a  durable  rock,  and 
answers  well  for  foundation  walls.  The  best  building  stone 
is  obtained  in  the  north  part  of  the  county,  from  the  brown 
arenaceous  limestones  of  the  Chemung  group,  which  are 
sufficiently  massive  to  afford  material  for  abutments  and  for 
heavy  masonry,  the  strata  varying  in  thickness  from  six  to 
fifteen  inches.  This  rock  outcrops  on  English  river  through- 
out the  north  part  of  the  county,  and  on  Davis  creek  and 
Goose  creek  near  the  east  line  of  the  county. 

Material  for  Quicklime.  The  central  and  southern  portions 
of  the  county  are  supplied  with  an  inexhaustible  amount  of 
material  for  the  manufacture  of  quicklime,  from  the  Con- 
cretionary and  Burlington  limestones  which  underlie  the 
whole  region.  The  former  is  by  far  the  best  rock  for  this 
purpose,  and  is  the  purest  limestone  in  the  county.  The 
Burlington  limestone  contains  some  arenaceous  matter,  that 
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afiects  somewhat  the  quality  of  the  lime  made  from  it;  but 
as  a  cement,  it  answers  a  good  purpose. 

Material  for  Brick.  Sand  and  clay  suitable  for  brick  are 
found  in  the  Drift  deposits  in  all  parts  of  the  county  :  the 
clay  may  be  obtained  immediately  below  the  subsoil,  and 
the  sand  from  the  lower  portion  of  the  same  deposit,  or 
from  the  beds  of  the  streams.  These,  in  connection  with 
the  limestones  above  mentioned,  will  always  afford  an 
abundant  supply  of  cheap  building  material  to  the  inhabi- 
tants of  this  county,  sufficient  for  the  wants  of  a  dense 
population. 


WAPELLO  CaCWTY. 

Wapello  County  is  bounded  on  the  north  by  Mahaska  and 
Keokuk  counties,  on  the  west  by  Monroe  county,  on  the 
south  by  Davis  county,  and  on  the  east  by  Jeflferson  county. 
It  contains  a  superficial  area  of  twelve  townships,  or  432 
square  miles. 

The  face  of  the  country  is  sufficiently  level  to  be  suscep- 
tible of  the  highest  degree  of  improvement  as  an  agricultural 
region,  although  there  is  but  little  of  what  may  be  termed 
level  land  in  the  county.  The  prairies  are  usually  small, 
and  quite  rolling  or  undulating,  and  are  covered  with  a  rich 
black  loamy  soil  from  one  to  four  feet  in  depth. 

Wapello  county  is  well  timbered,  the  timbered  lands  em- 
bracing more  than  one-half  the  entire  surface  of  the  county. 
These  lands,  which  for  the  most  part  lie  upon  the  water- 
courses, are  somewhat  broken,  but  possess  a  fine  soil,  though 
not  so  deep  as  that  upon  the  prairies  :  it  is  well  adapted  to 
the  growth  of  wheat  and  other  small  grains,  and  also  pro- 
duces fine  crops  of  corn,  and  is  decidedly  preferable  for  the 
growth  of  fruit  to  the  rich  prairie  soil. 
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Wapello  county  is  well  watered,  the  Des  Moines  river 
traversing  the  county  from  northwest  to  southeast,  and 
affording  fine  water  power  at  the  several  points  where  dams 
are  now  in  process  of  construction  for  the  improvement  of 
the  river.  Six  dams  are  to  be  built  within  the  limits  of  this 
county.  The  principal  creeks  in  the  county  are  Cedar  and 
Sugar  creeks  on  the  north  side  of  the  Des  Moines,  and  Little 
Soap  creek  and  the  two  Avery's  on  the  south.  These  streams 
afford  an  abundant  supply  of  water  for  the  use  of  stock ;  and 
upon  the  prairies,  especially  those  on  the  north  side  of  the 
Des  Moines,  good  wells  of  never-failing  water  are  obtained 
by  digging  from  twenty  to  thirty  feet  below  the  surface. 

On  the  timbered  lands,  especially  on  the  south  side  of 
the  river,  considerable  difl&culty  has  been  experienced  in 
obtaining  a  supply  of  water  by  digging,  and  in  some  neigh- 
borhoods a  resort  to  cistern  wells  seems  to  be  the  only  means 
of  obtaining  an  adequate  supply.  This  difl&culty  undoubtedly 
results  from  the  porous  or  sandy  nature  of  the  underlying 
rocks,  which  allow  the  water  to  sink  to  such  a  depth  below 
the  surface  as  to  be  beyond  the  reach  of  the  ordinary  well- 
digger. 

The  following  section  exhibits  the  strata  exposed  in 
Wapello  county  : 

Alluvium. 

Drift 40-60  feet. 

Coal  measures 150  -  200  feet. 

Concretionary  limestone 25-30  feet. 

ALLUVIUM. 

Besides  the  surface  soil,  the  principal  deposits  referable 
to  the  Alluvial  formation  are  the  bottom  lands  on  the  Des 
Moines  river  and  its  tributaries.  On  the  Des  Moines,  these 
[  Iowa  Subvet.]  82 
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bottom  lands  form  a  belt  from  one  to  three  miles  in  width. 
These  alluvial  deposits  are  very  fertile,  and,  in  their  natural 
state,  sustained  a  heavy  growth  of  the  finest  timber  in  the 
county. 

DRIFT. 

Very  few  good  exposures  of  the  Drift  formation  were  seen 
in  this  county.  So  far  as  observed,  it  appeared  to  have  been 
derived  to  a  very  considerable  extent  from  the  sandstones 
and  shales  of  the  Coal  measures  which  have  been  broken  up 
and  redeposited  by  aqueous  action.  Occasional  boulders  of 
transported  material  were  seen,  but  by  far  the  greater  part 
of  the  deposit  contained  little  or  no  evidence  of  a  foreign 
origin.  Its  entire  thickness  in  this  county  will  average  from 
forty  to  sixty  feet,  covering  up  and  hiding  from  view  the 
inferior  strata  everywhere,  except  along  the  water-courses, 
where  it  has  been  removed  by  mechanical  agencies. 

COAL  MEASURES. 

The  rocks  belonging  to  the  Coal  formation,  which  outcrop 
in  this  county,  consist  of  sandstones,  shales,  bituminous  slates, 
and  thin  bands  of  limestone,  with  two  and  perhaps  three 
workable  seams  of  coal.  Bands  of  septaria  and  tutenmergel  also 
occur  in  the  bituminous  slates  in  this  county.  The  coal-seams 
vary  in  thickness  from  eighteen  inches  to  five  feet,  and  are 
not  persistent  everywhere ;  the  coal  in  some  cases  giving 
out  entirely,  and  being  replaced  with  sandstone  or  slate.  An 
example  of  this  kind  may  be  seen  on  Sugar  creek  one  mile 
south  of  Dahlonega,  where  a  coal-seam  is  opened  on  the 
lands  of  Mr.  Cooper,  and  the  coal  is  from  three  to  three  tod 
a  half  feet  in  thickness,  with  a  roof  of  bituminous  slate. 
About  one  hundred  yards  south  of  this  point  on  the  same 
quarter  section,  an  exposure  of  the  strata  may  be  seen  in 
the  bluffs  of  the  creek,  giving  the  following  section  : 
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Bituminous  slate 2  feet. 

Shale 8  to  10  feet. 

Sandstone 3  feet. 

Bituminous  slate  .......  6  feet. 

Shaly  clay 4  feet. 

The  lower  bituminous  slate  in  the  above  section  occupies 
the  place  of  the  coal,  and  it  is  quite  probable  that  a  drift 
into  this  slate  would  reach  coal  again  at  no  great  distance 
from  the  outcrop.  At  another  point  in  the  same  neighborhood, 
where  an  opening  had  been  made  in  this  seam,  the  coal  sud- 
denly gave  out  and  was  replaced  by  slate  ;  but  the  miners 
persevered  in  their  work,  and  at  a  distance  of  fifteen  or  twenty 
feet  the  coal  again  appeared.  These  facts  should  be  borne 
in  mind  by  those  engaged  in  the  business  of  coal-mining ; 
as  the  abandonment  of  the  work  after  it  has  been  fairly 
commenced,  in  consequence  of  the  apparent  giving  out  of 
the  coal,  would  be  attended  with  far  greater  loss,  than  the 
cost  of  a  persevering  efibrt  to  reach  the  coal  again. 

In  the  vicinity  of  Dam  No.  11  on  the  Des  Moines  river,  a 
notable  example  of  the  wedging  out  and  replacement  of  strata 
may  be  seen.  About  three  hundred  yards  below  the  dam,  a 
band  of  dark  blue  siliceous  limestone  about  three  or  four  feet 
in  thickness  has  been  quarried  extensively  in  the  bed  of  the 
river,  for  the  construction  of  the  lock  at  this  place.  The  bed 
at  the  quarries  seems  to  lie  quite  horizontal ;  the  dip,  if  any, 
being  too  slight  to  be  measured.  About  half  a  mile  above 
these  quarries  this  band  of  limestone  is  thrown  up  out  of  the 
river  bed  at  an  angle  of  about  twenty-five  to  thirty  degrees, 
and  runs  up  into  the  bluff  to  an  elevation  of  thirty  to  forty 
feet  above  the  river  level,  where  it  passes  into  an  irregular 
band  of  septaria,  and  finally  wedge's,  out  entirely  and  disap- 
pears. The  beds  immediately  underlying  this  band  of  lime- 
stone, where  it  is  exposed  in  the  hill-side,  consist  of  bitu- 
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minous  slate  from  four  to  five  feet  in  thickness,  impure  coal 
four  feet,  and  bituminous  slate  and  shale  about  twenty  feet. 
These  beds  all  disappear  in  a  distance  of  fifty  yards,  and 
are  replaced  by  a  bed  of  micaceous  sandstone  nearly  one 
hundred  feet  in  thickness.  The  following  sketch  is  designed 
to  represent  the  appearance  of  the  blufis  for  a  distance  of 
three  hundred  yards  along  the  river  : 


Fig.  35. 


liiVer  iuvtiJ,  Or 

a.  Limestone.  c.  Coal.  e.  S&ndstone. 

6.  Bituminoas  slate,      d.  Slate  and  shale.        /,/.  Unexposed. 

The  appearance  of  the  beds  at  this  point  would  seem  to 
indicate,  at  the  first  glance,  that  there  had  been  a  disturbance 
of  the  strata,  which  had  thrown  up  the  coal  and  limestone 
from  beneath  the  river-bed  to  their  present  elevation ;  but 
a  careful  examination  of  the  locality  has  produced  the  con- 
viction that  the  appearances  here  presented  are  not  due  to 
any  disturbing  cause,  but  have  resulted  entirely  from  the 
irregular  deposition  of  the  strata. 

The  limestone  in  the  foregoing  section  is  rich  in  organic 
remains ;  and  the  surface  of  many  of  the  slabs  recently 
taken  from  the  quarry  were  literally  covered  with  marine 
shells,  imbedded  with  Stigmaria  and  other  remains  of  the 
vegetable  kingdom  upon  the  limestone  strata. 

Among  the  fossils  collected  at  this  locality  were  two  or 
three  species  of  Nautilus^  Productus  (Bquicostatus,  P.  muri- 
catusy  Spirifer  cameratusy  Macrocheilus  (two  species  undeter- 
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mined) ;  together  with  Terebratula,  Orthisy  Pleurotomaria 
coronula^  and  an  undetermined  species  of  Bellerophon.  A 
fucoid  is  also  common  here,  which  closely  resembles  the 
F.  cauda-galli  of  the  Devonian  beds. 

The  principal  coal  banks  at  present  opened  on  the  north 
side  of  the  Des  Moines  river  are  in  the  neighborhood  of 
Dahlonega  and  Kirkville,  and  in  the  river  bluffs  four  miles 
below  Eddyville.  Coal  is  also  taken  from  the  bed  of  the 
river  at  low  water,  just  above  the  mouth  of  Soap  creek ; 
but  the  thickness  of  the  seam  could  not  be  correctly  ascer- 
tained. In  the  vicinity  of  Kirkville,  the  seam  opened  is 
from  four  to  five  feet  in  thickness ;  while  in  the  neighborhood 
of  Dahlonega  and  Eddyville,  they  vary  from  three  to  four 
feet. 

On  the  south  side  of  the  river  opposite  Eddyville,  at 
Roberts's  coal  bank,  the  following  section  was  made  : 

Fio.  86. 


Concretionary  limestone      .     •     ;    .    26  feet. 

The  thickness  of  the  strata  between  this  coal-seam  and 
the  Ooncretionary  limestone,  which  forms  the  base  of  the 
section,  indicates  this  as  one  of  the  upper  coal-seams,  and 
renders  it  very  probable  that  a  lower  one  will  be  found 
between  the  one  now  opened  and  the  limestone. 
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Four  miles  west  of  Ottumwa,  on  Sec.  20,  T.  72  N.,  R.  14 
west,  a  fine  coal-seam  is  opened  on  the  lands  of  Col.  Foster, 
where  the  following  section  was  exposed  : 


Fio.  87. 

Sandstone 

Bituminoiu  slate  and  shale 
Coal 

/\S».-.*V^>.,'{\~J 

.      6-8feei. 

^^-^r~-—= 

.     12-15  feet. 

^^HIHIH^Hi 

5  feet. 

^^^^^^^^ 

Fire  clay. 

The  coal  in  the  above  section  is  of  a  good  quality,  light 
and  even-textured,  and  comparatively  free  from  sulphuret 
of  iron.  The  sandstone  is  deposited  in  regular  strata  from 
four  to  eighteen  inches  in  thickness,  and  appears  to  be  a 
durable  rock,  hardening  on  exposure  to  atmospheric  agencies. 
This  locality  is  near  the  line  of  the  Burlington  and  Missouri 
river  railroad,  which,  when  completed  to  this  point,  will 
open  a  desirable  and  profitable  market  for  the  coal  of  this 
region. 

Outcrops  of  coal  are  numerous  in  the  banks  of  all  the 
creeks  on  the  south  side  of  the  river ;  but  owing  to  the  want 
of  a  market,  very  little  has  been  done  towards  opening 
even  those  seams  which  outcrop  at  the  surface,  while  no 
effort  at  all  has  yet  been  made  to  find  those  which  are  not 
exposed  by  natural  causes. 


CONCRETIONARY  LIMESTONE. 

This  formation,  which  is  the  oldest  rock  known  to  out- 
crop in  Wapello  county,  forms  the  bed  of  the  river,  from 
the  point  where  it  leaves  the  county  near  the  southeast 
corner,  to  the  mouth  of  Soap  creek.  Just  above  the  mouths 
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of  Soap  creek,  it  passes  below  the  river  level,  and  disap- 
pears beneath  the  Coal  measures ;  coming  to  the  surface 
again  just  below  the  mouth  of  Sugar  creek,  and  continuing 
to  outcrop  along  the  river  from  this  point  to  the  northwest 
corner  of  the  county.  It  also  outcrops  on  both  Avery  creeks, 
for  several  miles  from  the  river.  In  the  vicinity  of  Ottumwa 
and  Eddyville,  this  rock  is  from  twenty-five  to  thirty  feet  in 
thickness,  and  is  a  regularly-bedded  compact  grey  limestone, 
the  strata  varying  in  thickness  from  three  to  fifteen  inches. 
Some  of  the  lower  layers  at  Eddyville  are  magnesian,  and 
of  a  light  bufi*  color. 

This  rock  is  much  more  regularly  bedded  in  this  county 
than  it  is  usually  found  at  points  farther  south,  and  loses 
almost  entirely  its  brecciated  and  concretionary  structure, 
which  distinguishes  it  almost  everywhere  from  the  other 
members  of  the  Mountain  limestone  series.  The  same  fossils, 
however,  Spirifery  Productus  and  Rhynchonella^  which  cha- 
racterize it  at  other  localities,  are  found  here,  leaving  no 
doubt  of  its  identity.  The  Lithostrotion  canadensBy  which  is 
one  of  its  most  characteristic  fossils  on  the  Lower  Des 
Moines  as  well  as  in  Illinois,  was  not  met  with  in  this 
county.  This  coral  seems  to  be  most  common  in  the  lower 
portion  of  the  bed  in  Iowa,  although  in  Illinois  it  is  quite 
common  in  the  upper  layers.  It  is  quite  possible  that  a  care- 
ful examination  will  show  the  existence  of  two  species  of 
this  coral,  one  of  which  is  characteristic  of  the  upper,  and 
the  other  of  the  lower  portion  of  the  formation. 
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ECONOMICAL    GEOLOGY. 

Coal.  By  far  the  most  valuable  mineral  product  of  Wapello 
county  is  stone  coal,  of  which  it  has  an  abundant  supply  for 
the  use  of  a  dense  population  for  centuries  to  come.  By  a 
reference  to  the  map,  it  will  be  seen  that  nearly  the  whole 
of  Wapello  county  is  underlaid  by  rocks  belonging  to  the 
Coal  measures,  and  it  is  quite  certain  that  more  than  one- 
half  of  its  entire  surface  is  underlaid  by  workable  coal- 
seams. 

The  mining  engineers  of  Europe  are  said  to  allow  one 
million  tons  of  coal  per  square  mile  for  every  foot  in  thick- 
ness of  workable  coal.  Allowing  one-half  the  surface  of  this 
county  to  be  underlaid  by  a  three-foot  coal-seam,  we  have 
six  hundred  and  forty-eight  million  tons  of  coal  as  the  pro- 
duct of  this  county  alone.  This  is  undoubtedly  an  under 
rather  than  an  over  estimate  of  the  resources  of  this  county 
in  mineral  coal.  A  considerable  portion  of  the  county  is 
underlaid  by  at  least  two  coal-seams,  averaging  from  two 
to  five  feet  in  thickness  each.  When  railroad  facilities  shall 
render  coal-mining  profitable  in  this  region,  these  coal- 
seams  will  be  sought  out  and  opened ;  and  the  time  will 
undoubtedly  come,  when  the  mining  privilege  of  a  large 
portion  of  this  county  will  be  worth  more  per  acre  than  the 
best  farming  lands  are  now  held  at. 

The  abundant  supply  of  timber  in  this  county  has  ren- 
dered the  local  demand  for  coal  exceedingly  limited;  and  it 
will  require  increased  facilities  of  transportation,  and  a 
better  market,  to  fully  develop  the  mineral  resources  of  this 
region. 

Building-stone.  Some  portions  of  the  county,  especially 
the  northeasticrn  and  southern  parts,  are  but  poorly  supplied 
with  good  building  stone  ;  but  along  the  Des  Moines,  from 
the  mouth  of  Sugar  creek  to  the  northwest  corner  of  the 
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county,  an  abundant  supply  may  be  obtained  from  the 
Concretionary  limestone.  This  bed  furnishes  a  compact 
regularly-bedded  grey  limestone  in  strata  from  six  to  twelve 
inches  thick,  which  is  exceedingly  durable,  and  well 
adapted  to  all  the  ordinary  uses  for  which  a  building  rock 
is  required.  Some  of  the  Coal-measure  sandstones  may  also 
be  used  for  foundation  walls ;  but  they  require  considerable 
care  in  their  selection,  if  required  to  withstand  the  action 
of  frost  and  moisture. 

The  band  of  Coal-measure  limestone  which  outcrops  in 
the  vicinity  of  Dam  No.  11  has  been  quarried  extensively 
for  the  construction  of  the  lock  at  that  point,  and  appears 
to  be  a  durable  rock.  It  contains  a  good  deal  of  sulphuret  of 
iron  disseminated  through  it  in  crystals,  which  disintegrate 
readily  on  exposure,  leaving  cavities  in  the  rock. 

Limestones  for  lime.  The  only  rock  in  the  county  suitable 
for  the  manufacture  of  quicklime  is  the  Concretionary 
limestone  above  mentioned,  which  aflFords  an  excellent 
material  for  that  purpose,  and  in  great  abundance.  Its  extent 
of  outcrop  is  give'n  under  the  head  of  Building-stones  in  the 
foregoing  section. 

Iron  Ores.  The  brown  hematitic  ores  of  iron  occur  in 
various  parts  of  the  county  in  connection  with  the  Coal 
measin-es,  but  no  bed  has  yet  been  found  of  sufl&cient  thick- 
ness to  justify  the  erection  of  a  furnace. 

Hydraulic  Limestone.  Some  of  the  bands  of  Coal-measure 
limestone  which  outcrop  in  this  county  appear  to  possess 
hydraulic  properties,  but  they  are  usually  too  thin  to  be  of 
much  value. 

Fire  Clay.  Beds  of  good  fire-clay  may  be  found  at  many 
points  in  the  county,  underlying  the  coal-seams,  and  only 
require  a  small  outlay  of  capital  to  become  a  source  of 
wealth  to  the  county. 

Clay  and  Sand  for  Brick.  These  materials  are  abundant 
in  all  parts  of  the  county,  and  may  be  obtained  at  almost 
[  Iowa  Survey.]  33 
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any  point  where  circumstances  make  it  desirable  to  manu- 
facture the  article.  Good  clay  for  this  purpose  may  be 
obtained  immediately  below  the  soil ;  and  sand  is  abundant 
in  the  lower  portion  of  the  Drift  deposit,  and  is  accessible  on 
nearly  all  the  streams  in  the  county. 

A.  H.  WORTHEN,  Jhsistant  Gtdogia. 


CHAPTER  VI. 

COUNTY  GEOLOGY-CONTINUED. 

CENTRAL  AND  NORTHERN  COUNTIES  OF  THE  EASTERN  HALF 

OF  THE  STATE. 

The  geology  of  the  six  counties  Ijing  in  the  southeastern 
corner  of  the  State,  between  the  Des  Moines  and  the  Mis- 
sissippi rivers,  has  been  investigated  by  Mr.  Wobthen  with 
considerable  detail,  and  the  results  of  his  examinations  are 
given  in  the  preceding  chapter  of  this  Report.  As  there  are 
about  one  hundred  counties  in  the  State,  it  is  evident  that 
neither  the  time  nor  the  means  at  the  disposal  of  the  Survey 
would  admit  of  its  being  carried  on  with  sufficient  minute- 
ness to  give  the  details  of  the  geological  structure  of  each 
county;  and  we  have  therefore  endeavored  to  examine  the 
leading  features  of  the  remaining  counties;  with  a  view  to 
the  establishment  of  the  outlines  of  their  geology,  leaving 
the  remainder  of  the  work  to  be  developed,  as  opportunity 
is  afforded,  by  future  observers.  Indeed,  the  fact  that  the 
rocks  are,  to  so  great  an  extent,  concealed  by  the  superficial 
formations,  especially  through  the  central  portions  of  the 
State,  renders  it  impossible  that  the  geological  structure  of 
that  region  should  be  given  with  any  minuteness  of  detail ; 
at  least  not  until  the  number  of  artificial  excavations,  ex- 
posing the  rocky  strata,  shall  be  very  much  greater  than  it 
now  is.  The  report  of  the  examinations  of  the  remaining 
counties  of  the  eastern  portion  of  the  State  is  to  be  looked 
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npon  as  containing  the  results  of  a  reconnaisance  of  the 
region  described,  rather  than  as  a  finished  work. 

Owing  to  the  unexpected  shortness  of  the  seasons  for 
field-work  in  the  autumns  of  1856  and  1857,  a  less  propor- 
tion of  the  State  was  minutely  examined  than  had  been 
originally  intended,  and  the  counties  of  Mahaska  and  Keokuk 
have  hardly  been  explored  at  all ;  although  from  the  general 
trend  of  the  formations  the  character  of  the  geology  of  those 
two  counties  is  probably  laid  down  on  the  map  with  a 
tolerable  approach  to  correctness,  yet  a  farther  examination 
of  them  will  be  requisite  before  the  completion  of  the  Sur- 
vey. The  counties  lying  along  the  course  of  the  Wapsipinicon 
river  will  also  need  additional  exploration,  as  they  have, 
thus  far,  only  been  hastily  passed  over. 


JOHXSOW,  LL\N,  BE.\TON  AND  IOWA  COUNTIES. 

These  four  counties  are  placed  together,  on  account  of  the 
general  resemblance  in  their  geological  structure,  as  well  as 
in  their  physical  features.  The  district  which  they  occupy 
may  be  properly  called  one  vast  plain,  or  gently-rolling 
prairie,  almost  entirely  destitute  of  trees,  except  along  the 
margins  of  the  streams,  and  hardly  afibrding  any  opportunity 
to  the  geologist  to  become  acquainted  with  the  rocks,  as  they 
are  almost  everywhere  covered  up  by  the  superficial  depo- 
sits, and  only  crop  out,  even  in  the  river  vallies,  except 
at  a  very  few  points.  In  such  cases,  where  observations  to 
determine  the  character  of  the  strata  can  only  be  made  at 
great  distances  from  each  other,  we  are  obliged  to  rely 
chiefly  on  the  regularity  of  the  trend  of  the  formations, 
to  enable  us  to  come  to  the  most  probable  conclusion  with 
regard  to  the  underlying  rocks;  and  to  connect  the  localities 
with  each  other  on  the  geological  map  of  the  State,  in  ac- 
cordance with  what  seems  to  be  the  general  direction  of  the 
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line  of  outcrop  of  the  formation,  aided  by  the  few  certain 
determinations  of  the  character  of  the  strata  made  where 
opportunity  offers. 

The  district  comprised  by  these  four  counties  is  watered 
by  the  Cedar  and  Iowa  rivers  and  their  very  numerous 
affluents.  The  Wapsipinicon  also  runs  through  the  north- 
eastern corner  of  Linn.  The  Cedar  furnishes  valuable 
water-power  at  several  points,  one  of  the  most  important 
of  which  is  Cedar  rapids,  where  a  thriving  town  has  been 
built  up.  The  course  of  the  Iowa  is  more  winding,  and  con- 
sequently its  fall  is  less  rapid  and  mill  power  less  attainable : 
the  same  is  true  of  its  tributaries,  while  those  of  the  Cedar, 
especially  in  Linn  county,  furnish  in  numerous  places  suffi- 
cient fall  for  running  saw-mills. 

The  soil  of  the  whole  district  is,  with  the  exception  of  a 
few  localities  of  limited  extent,  of  a  remarkably  fertile 
character,  and  the  region  is  one  capable  of  developing  great 
agricultural  resources.  The  progress  of  the  necessary  internal 
improvements  will  enable  the  settler  to  supply  himself  at 
a  reasonable  rate  with  those  necessaries  for  building  which 
are  not  to  be  procured  on  the  spot,  and  the  fertility  of  the 
soil  will  more  than  compensate  for  the  absence  or  scarcity 
of  building  materials. 

As  far  as  our  observations  have  yet  extended,  there  have 
been  no  other  rocks  actually  ascertained  to  exist  over  the 
extended  region  occupied  by  these  four  counties  than  those 
of  the  Hamilton  group,  excepting  some  small  patches  of 
sandstone,  apparently  belonging  to  the  Coal  measures,  which 
appear  to  be  the  remains  of  a  formation  which  once  extended 
over  a  considerable  portion  of  the  State,  and  has  been  re- 
moved by  denudation.  It  is  not  unlikely  that  strata  belonging 
to  lower  groups  than  the  Hamilton  may  exist  in  the  north- 
eastern comer  of  Linn,  but  they  have  not  yet  been  recog- 
nized. 

The   following  exposures  of  the  Hamilton   group  were 
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noticed  on  Cedar  river.  At  Cedar  rapids,  at  the  mill  near 
the  ferry,  and  at  the  lime-kilns  a  little  farther  up  the  river, 
the  beds  are  thin,  not  exceeding  an  inch  or  two  in  thick- 
ness, and  weathering  of  a  light  yellow  color.  About  two 
miles  farther  down  the  river,  the  rocks  are  exposed  along 
the  banks,  showing  a  vertical  height  of  sixty  or  seventy 
feet.  The  beds  are  quite  irregular  in  thickness,  and  vary 
much  in  their  lithological  character.  The  highest  rock  ex- 
posed is  a  crystalline  white  limestone,  in  irregular  beds, 
and  with  an  almost  saccharoidal  texture.  A  little  farther 
down  the  stream,  the  layers  are  much  disturbed  :  no  regular 
stratification  is  visible,  but  the  whole  mass  is  penetrated 
with  ramifications  of  calcareous  spar. 

The  piers  of  the  new  bridge  across  the  Cedar  at  the 
Rapids  are  built  of  the  thin  dove-colored  layers,  which  an- 
swer a  tolerable  purpose,  being  a  durable  material,  although 
too  thinly  stratified  to  be  conveniently  and  economically 
used.  No  traces  of  any  fossils  could  be  found  in  any  of  the 
beds  at  this  point,  or  anywhere  in  the  immediate  vicinity  of 
Cedar  rapids.  There  are  several  localities  in  this  township 
where  the  rocks  are  exposed;  but,  usually,  only  a  very 
limited  thickness  can  be  observed  at  any  one  point,  and 
fossils  are  very  scarce.  At  Adair's  settlement,  six  miles 
west  of  Marion,  the  strata  are  thinbedded,  white,  but  not 
fossiliferous,  limestones.  The  same  may  be  said  of  the  expo^ 
sure  at  Blair's  Ferry,  on  the  road  from  Marion  to  Vinton. 
At  Shellsburg  (  N.E.  corner  of  Sec.  11,  T.  84,  R.  9  ),  seve- 
ral characteristic  Hamilton  fossils  were  observed,  in  an 
argillaceous  buff-colored  limestone.  Among  them,  Spirifer 
mucronatus^  Atrypa  reticularis  and  Orthis  iowensis  were  the 
most  conspicuous.  At  Vinton,  there  is  an  exposure  of  from 
twelve  to  fifteen  feet  in  thickness,  a  few  rods  below  the 
bridge,  where  a  quarry  has  been  opened  and  worked  to  some 
extent.  The  two  lower  layers  exposed  are  each  eighteen 
inches  thick;   the  lowest  is  a  soft  argillaceous  yellowish 
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limestone,  irregularly  stratified  and  very  much  broken  up. 
The  succeeding  layer  is  of  a  bluish  color,  weathering  yellow, 
and  being  much  tougher  than  the  one  below.  It  is  filled  with 
fossils  similar  to  those  at  Shellsburg.  Above  this,  there  is  a 
mass  of  some  ten  feet  in  thickness  so  much  broken  up  and 
decomposed,  that  it  would  be  difl&cult  to  say  what  its 
original  character  might  have  been.  At  Hare's  quarry,  one- 
half  a  mile  east  of  the  town,  the  rock  has  been  extensively 
quarried  for  lime  and  building-stone.  There  is  a  thickness 
of  about  forty  feet  exposed.  The  rock  is  a  limestone  of  a 
bluish  grey  tinge,  but  weathering  buflf.  The  strata  dip  to  the 
west  at  this  point  about  lO'*.  The  layers  which  are  wrought 
for  building  are  from  eight  to  thirteen  inches  in  thickness. 
There  are  numerous  fossils  in  these  beds,  among  which 
Lithostrotion  hexagonuniy  Favosites  polymorphay  with  several 
species  of  Spirifer^  Orthis,  and  Atrypa  are  quite  common. 

On  the  Iowa  river,  in  Johnson  county,  the  rocks  are  well 
exposed  in  the  neighborhood  of  Iowa  city,  where  there  are 
numerous  quarries,  which  have  been  opened  to  supply  the 
town  with  lime  and  building  materials.  The  layers  are  of 
very  various  lithological  character.  In  a  quarry  opened  about 
a  mile  above  the  city,  on  the  east  side  of  the  river,  nearly 
opposite  the  mill,  there  is  an  exposure  of  about  forty  feet 
of  a  thinbedded  bluish  limestone,  which  weathers  of  a  dirty 
yellow.  The  layers  dip  about  5"*  in  a  direction  S.  80^  E. 
This  rock  is  not  durable  enough  to  make  a  good  building- 
stone  when  it  is  to  be  exposed  to  the  weather  :  it  will 
answer  very  well  for  Underpinning.  Nearer  the  town,  on 
both  sides  of  the  river,  the  rock  along  the  base  of  the  bluffs 
is  a  dark-colored  argillaceous  limestone,  which  is  crowded 
with  fossils,  especially  corals,  among  which  the  genera 
FavositeSy  Lithostrotion^  Stromatopora  are  the  most  frequent. 

Higher  up,  the  rock  becomes  more  compact  and  less  di- 
stinctly stratified  :  it  is  almost  a  pure  carbonate  of  lime, 
containing  hardly  more" than  one  percent  of  other  substances. 
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It  forms  a  durable  building-stone,  although  not  splitting  or 
dressing  handsomely.  When   polished,  the   large  coralline 
masses  which  it  contains,  especially  the  Lithostrotion,  are 
very  beautiful;    and    pieces   have    been   worked    up   into 
small  ornaments,  such  as  paper-weights,  and  are  well  known 
under  the  name  of  "  Iowa  marble".  Unfortunately,  the  layers 
are  not  sufl&ciently  free  from  flaws  to  be  manufactured  into 
objects  of  any  considerable  size.  The  same  rocks  may  be  ob- 
served at  various  points  up  the  Iowa  for  a  distance  of  ten  or 
twelve  miles  from  Iowa  city.  Within  the  limits  of  Johnson 
and  Iowa  counties  we  have  not  been  able  to  find  any  other 
outcrop  of  the  Hamilton  rocks,  than  those  on  the  Iowa  river 
along  this  part  of  its  course.  Beyond  T.  81,  R.  7,  there  are 
no  rocks  seen  in  place,  except  a  few  patches  of  sandstone, 
until  we  reach  Tama  county.  Not  a  single  exposure  of  rock 
was  discovered  on  any  of  the  smaller  streams  to  the  south 
of  the  Iowa,  although  diligent  search  was  made  along  the 
vallies  of  Old  Man's  creek  and  the  north  fork  of  the  English 
river.  Through  Iowa  coimty,  low  bluffs  border  the  river  at  a 
distance  of  from  half  a  mile  to  a  mile  from  the  stream ;  but 
they  are  made  up  of  finely-comminuted  materials,  without 
even  so  much  as  a  loose  slab  or  fragment  of  rock  to  indicate 
the  character  of  the  underlying  strata.  Although  it  would 
appear  from  the  general  direction  of  the  lines  of  outcrop  in 
this  region,  so  far  as  they  can  be  ascertained,  that  rocks  of 
Hamilton  age  predominate  over  the  large  surface  in  Iowa  and 
Benton  counties,  over  which  no  exposures  of  the  strata  are 
visible  ;  still,  there  is  good  reason  to  believe  that  there  may 
be  considerable  patches  of  carboniferous  strata  existing  be- 
neath the  superficial  covering  of  detritus.  These  may  be 
either  the  remains  of  a  deposit  once  spread  continuously 
over  a  large  extent  of  surface,  or,  more  probably,  limited 
deposits  in  pre-existing  depressions  of  the  Hamilton  strata. 
Near  Iowa  city,  on  the  left  bank  of  the  river,  is  one  of  these 
limited  patches  of  rock  belonging  to  the  Coal  measures, 
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which  appears  to  have  been  a  deposit  over  a  very  small  space, 
perhaps  in  a  trough-shaped  depression  or  cavity  of  the  lime- 
stone. The  annexed  figure  will  give  an  idea  of  its  relations. 

Fig.  88  —  Sectiou  of  coal  shales  and   sandstone  in  depression  of  Hamilton  rocks  at 

Iowa  city. 
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In  this  figure,  a  represents  the  limestone  of  the  Hamil- 
ton group  :  6  is  a  space  filled  with  detritus,  in  which  no 
rocks  are  visible  :  c  is  a  mass  of  detritus  lying  upon  d,  which 
represents  a  thin  bed  of  sandstone,  from  one  to  two  feet  in 
thickness,  much  broken  up,  and  filled  with  coal  plants.  This 
is  .underlaid  by  e,  a  bituminous  shale  with  numerous  thin 
layers  of  coal  scattered  through  it.  The  horizontal  extension 
of  the  beds  which  belong  to  the  Coal  measures  is  very 
limited,  and  from  their  position  it  would  appear  that  they 
must  have  originally  occupied  a  pre-existing  depression  in 
the  limestone. 

There  are  also  considerable  patches  of  sandstone,  which 
appear  to  belong  to  the  Coal  measures  on  the  Iowa,  near  the 
line  between  Iowa  and  Johnson  counties,  forming  low 
bluffs,  but  not  accompanied,  as  far  as  has  yet  been  ascer- 
ta.ined,  by  any  coal  or  Coal-measure  fossils,  by  which  it  might 
be  possibly  assigned  to  this  place  in  the  series.  That  these 
patches  are  isolated,  and  not  continuous  with  the  strata  of 
the  same  age  farther  west,  on  the  borders  of  Powesheik  and 
Jasper  counties,  the  nearest  point  where  the  Coal  measures 
are  positively  known  to  exist,  cannot  be  positively  afl&rmed, 
but  is  rendered  probable  by  the  occurrence  of  the  Carboni- 
ferous limestone  farther  up  the  Iowa,  in  Tama  county.  At 
all  events,  there  is  little  encouragement  for  explorations  for 
[Iowa  St7RVEY.l  34 
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coal  in  the  region  in  question ;  as  even  if  small  deposits  of 
it  should  be  met  with,  they  are  hardly  likely  to  be  of 
sufficient  extent  or  of  a  good  enough  quality  to  be  profitably 
worked.  i 


TAMA,  MARSHALL^  DARDIN,  JASPER  AND  F0WE8HEIK  COVRTIES. 

The  district  occupied  by  these  five  counties  closely  resem- 
bles in  physical  character  that  of  the  group  of  counties 
lying  to  the  east,  which  has  been  noticed  in  the  preceding 
pages.  The  surface  of  the  country  is  almost  all  gently-rolling 
prairie  traversed  by  numerous  streams,  skirted  with  timber, 
and  dotted  with  occasional  groves.  The  exposures  of  the 
rocky  strata  are  extremely  few  and  imperfect,  as  the  high 
ground  between  the  principal  rivers  is  deeply  covered  with 
the  superficial  detritus,  and  in  the  valleys  the  bluffs  are 
low,  and  rarely  show  any  rock  at  all.  In  Tama,  Marshall 
and  Hardin  counties,  no  exposures  of  the  rocks  were  ob- 
served except  in  the  immediate  neighborhood  of  the  Iowa 
river.  In  Powesheik,  we  were  unable  to  discover  a  single 
outcrop,  except  along  the  Skunk  and  its  branches,  in  the 
extreme  southwestern  corner  of  the  county.  In  Jasper,  there 
are  better  opportunities  for  making  out  the  geology,  as 
there  are  tolerable  exposures  on  both  the  North  and  South 
Skunk,  and  some  of  their  branches. 

The  same  remarks  in  reference  to  agricultural  capacity 
will  apply  to  these  counties,  which  were  made  in  regard  to 
the  counties  lying  on  the  east.  The  soil  is  highly  fertile,  and 
the  amount  of  worthless  land  is  exceedingly  small ;  indeed 
there  is  hardly  an  acre  which  cannot  be  brought  under  cul- 
tivation. The  greatest  drawback  to  settlement  is  the  scarcity 
of  wood  and  building  materials.  The  deficiency  of  wood  for 
fuel  is  in  a  measure  compensated  by  existence  of  coal  which 
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has  been  opened  and  mined  at  several  points  in  Jasper, 
Marshall  and  Hardin  counties.  The  settlements  have  thus 
far  been  chiefly  limited  to  the  vicinity  of  the  rivers ;  the 
divides,  or  high  rolling  prairies  between  the  streams,  are  as 
yet  but  very  sparsely  populated. 

All  the  geological  formations  which  have  been  ascertained 
to  exist  within  the  limits  of  the  counties  under  considera- 
tion, belong  to  the  Carboniferous  series ;  the  Carboniferous 
limestones  underlying  the  coal  being  developed  along  the 
borders  of  Marshall  and  Tama  counties,  and  probably  ex- 
tending also  through  Powesheik ;  while  the  Coal  measures 
are  known  to  exist  along  the  Iowa  in  Hardin  county,  through 
the  centre  and  western  border  of  Marshall,  and  over  the 
whole  extent  of  Jasper  county.  It  is  very  probable  that 
the  Hamilton  group  exists  in  the  northeastern  portion  of 
Tama  county,  but  no  exposures  of  the  rocks  were  met  with 
in  traversing  that  region. 

The  Carboniferous  limestone  is  found  cropping  out  at 
various  points  between  Toledo  and  Marietta,  on  the  Iowa 
and  its  tributaries.  The  following  section  is  exposed  at  a 
quarry  belonging  to  Carl  Brenikeb,  on  Timber  creek,  a  short 
distance  above  the  bridge  on  the  road  from  Marietta  to 
Indiantown. 

1.  Thinbedded,  sindy  limestone     .     .     8  feet. 

2.  Thinbedded   oolitio  limestone    .     .     4  feet. 

3.  Heavy  bedded,  but  somewhat  irre- 

gular limestone ;  color  grey  with 

a  bluish  tinge 6  feet. 

Level  of  the  creek,  4.  Thinbedded,  oolitic  layers,    .     .     .     8-10  feet. 

This  quarry  is  worked  chiefly  for  burning  into  lime.  Near 
Indiantown,  or  Butlerville,  the  rock  is  exposed  in  numerous 
localities.  About  one-half  mile  northwest  of  the  town,  a 
thinbedded  brittle  limestone  with  a  reddish  tinge  is  seen 
cropping  out  along  the  summits  of  the  low  ridges.  These 
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layers  occupy  a  thickness  of  a  few  feet,  and  are  succeeded, 
in  a  descending  order,  by  thin  layers  of  white  crystalline 
limestone  filled  with  fragments  of  crinoidal  columns.  These 
layers  contain  intercalated  masses  of  chert ;  and  some  of  the 
beds  are  oolitic  in  structure,  the  whole  assemblage  closely 
resembling  the  outcrop  of  the  Burlington  member  of  the 
Carboniferous  limestone,  as  seen  at  that  place. 

At  a  quarry  near  the  town,  where  building  stone  is  pro- 
cured, there  is  an  exposure  of  about  twenty  feet  of  a  dark 
mottled  grey  magnesian  limestone,  which  is  entirely  destitute 
of  fossils.  Some  of  the  beds  are  hard  and  crystalline,  with  a 
bluish  tinge,  but  weathering  of  a  brownish  hue.  The  layers 
are  thin  at  the  top  of  the  quarry ;  but  lower  down,  the  rock 
is  heavybedded.  In  some  loose  masses  of  oolitic  limestone 
lying  upon  the  surface  in  this  vicinity,  there  were  found 
several  specimens  of  Spirifer ?  and  an  Avicula  resem- 
bling A.  marionensisj  Shumard.  No  other  exposures  of  the 
carboniferous  limestones  were  noticed  in  Tama  county  along 
the  course  of  the  Iowa  river,  whose  valley  is  bordered  by 
bluffs  of  considerable  height,  but  consisting  of  sand  and 
detrital  materials. 

In  Powesheik  county,  a  rock,  supposed  from  its  litho- 
logical  character  and  position  to  belong  to  the  upper  beds  of 
the  Carboniferous  limestone,  was  found  to  crop  out  in  the 
valley  of  the  North  Skunk,  at  Van  Winkle's  quarry  near 
Walker's  mill.  This  rock  is  used  at  Montezuma  for  under- 
pinning; the  larger  dressed  stones  required  for  sills  and 
caps  are  brought  from  farther  south. 

The  series  of  the  Coal  measures  probably  covers  nearly 
all  of  Jasper  as  well  as  of  Hardin  county,  and  a  considerable 
portion  of  Marshall  is  occupied  by  the  same  rocks.  The 
exposures,  however,  are  very  unsatisfactory,  and  no  good 
section  of  the  series  could  be  obtained.  After  leaving  the 
isolated  patches  of  sandstone  on  the  Iowa  river,  near  the 
borders  of  Johnson  and  Iowa  counties,  no  more  is  seen  of 


GEOLOGY   OF   IOWA.  269 

the  Coal  measures  in  following  up  the  river,  until  we  pass 
Marietta  in  Marshall  county.  In  T.  85,  R.  19,  S.  16,  black 
slate  was  dug  up  by  Mr.  Lancaster  Bell.  On  the  northwest 
quarter  of  Section  34,  in  the  same  township,  coal  has  been 
mined  to  a  very  limited  extent  on  land  belonging  to  George 
Patton.  On  examining  the  excavation,  in  1857,  it  was  found 
to  have  become  filled  up,  and  no  clue  could  be  obtained  as  to 
the  thickness  of  the  bed  or  the  character  of  the  accompany- 
ing strata  :  the  fragments  lying  upon  the  surface  indicated 
a  fair  quality  of  coal. 

In  the  vicinity  of  Eldora,  in  Hardin  county,  there  are 
several  localities  where  coal  has  been  mined  in  some  quan- 
tity, and  where  it  is  still  procured  for  consumption  in  the 
vicinity  and  furnished  to  the  adjoining  counties  on  the  east 
and  southeast.  The  rock  most  conspicuously  exposed  in  the 
valley  of  the  Iowa  in  this  vicinity  is  a  sandstone,  sometimes 
almost  coarse  enough  to  be  termed  a  conglomerate,  which 
rises  to  a  vertical  height  of  from  fifty  to  seventy-five  feet. 
These  bluflfs  line  the  river  on  both  sides  from  Eldora  as  far 
up  as  Steamboat  rock ;  beyond  which  point  they  were  not 
traced,  for  want  of  time.  The  principal  excavations  for  coal 
are  at  the  bend  of  the  river  between  Townships  87  and  88. 

On  the  northwest  quarter  of  the  northwest  quarter  of 
Section  5  in  Township  87,  Range  19,  a  bed  of  coal  has  been 
worked  on  land  owned  by  Dr.  Fuller.  The  principal  opening 
is  elevated  a  few  feet  above  the  river,  and  the  rocks  at  this 
point  present  the  following  section  : 

Ferruginous  sandstono,  about 50  feet. 

Black  slate        5^  feet. 

Coal 3^-4  feet. 

Black  shale 7  feet, 

exposed^  but  not  oat  throogh. 

The  beds  dip  from  the  river,  or  to  the  south,  from  ten  to 
fifteen  degrees  :  this  rate  of  dip  would  soon  bring  the  coal 
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beneath  the  water  level  of  the  river,  if  it  is  found  to  be 
continuous.  It  is  possible,  however,  that  the  rate  of  dip  may 
decrease  in  penetrating  beneath  the  bluff;  or  the  whole  mass 
of  rock,as  exposed  here,  may  possibly  have  slidden  out  of  place, 
and  thus  have  had  its  position  deranged.  The  appearances 
in  the  vicinity  are  somewhat  puzzling;  as  there  seems  to  be 
little  or  no  regularity  in  the  position  of  the  coal,  or  of  the 
attendant  beds  of  rock.  The  coal  seam  of  Dr.  Fuller  is 
underlaid  by  a  dark  ash-grey,  soft  shaly  mass,  without  ap- 
parent stratification,  of  which  the  thickness  is  not  known. 
A  little  farther  up  the  stream,  a  dark-colored  limestone, 
which  is  a  nearly  pure  carbonate  of  lime  colored  by  about 
a  half  of  one  per  cent  of  organic  matter,  makes  its  appear- 
ance in  a  position  which  would  indicate  it  to  be  the  lowest 
rock  of  the  region.  It  contains  a  few  fossils;  among  others,  a 
Produdus  and  a  new  species  of  Phillipsia. 

The  bed  of  coal,  which  has  been  penetrated  to  a  distance 
of  a  few  yards,  shows  numerous  slips  passing  through  it 
from  top  to  bottom,  at  distances  of  a  few  feet.  The  quality 
is  fair,  considering  its  position  near  the  edge  of  the  basin : 
it  is  considerably  mixed  with  iron  pyrites,  but  this  is  a  &ult 
from  which  none  of  the  coaJs  of  this  region  are  free. 

About  one-fourth  of  a  mile  farther  down  the  stream,  on 
the  same  side  of  the  river,  a  bed  of  dark  bituminous  shale 
was  observed  at  an  elevation  of  about  forty  feet  above  the 
water.  It  is  included  within  the  pandstone,  which  is  seen 
overlying  it  to  a  height  of  thirty  or  forty  feet,  and  also  be- 
neath it  as  far  down  towards  the  river  as  the  rocks  are 
exposed.  The  shale  is  much  contorted,  and  cDnt-ains  numerous 
crystals  of  gypsum,  some  of  which  are  several  inches  long. 
At  this  point  the  dip  of  the  strata  is  to  the  east,  and  still 
away  from  the  river. 

At  Moran's  opening,  a  few  rods  farther  down  the  river 
and  on  the  northeast  quarter  of  the  northwest  quarter  of 
Section  5,  the  section  which  is  exposed  is  the  annexed  : 
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Sandstone,  heavybedded,  rertioal  cliff 50  feet. 

Black  bituminofus  shale 5  feet  4  in. 

Coal 4  feet. 

Ash-colored  shale,  thickness  undetermined. 

The  dip  at  this  point  is  from  five  to  seven  degrees,  in  a  di- 
rection a  little  north  of  east.  The  quality  of  the  coal  is  about 
the  same  as  that  at  Dr.  Fuller's  opening ;  and  there  would 
seem  little  reason  to  doubt  that  it  was  the  same  bed,  were 
the  coal  not  totally  wanting  in  the  section  exhibited  in  the 
last  described  locality,  which  is  not  more  than  four  or  five 
rods  above  Moran*s  opening. 

The  same  seam,  apparently,  has  been  opened  on  the  op- 
posite side  of  the  river  from  Moran's,  where  it  is  three  and 
a  half  feet  thick,  and  it  is  overlaid  by  two  feet  of  black  shale. 
A  little  farther  down  the  river  on  that  side,  the  slate  disap- 
pears entirely,  and  the  coal  has  sandstone  above  and  below 
it.  The  dip  here  is  nearly  horizontal  :  hence  it  would  appear 
that  there  has  been  considerable  disturbance  of  the  strata 
in  this  vicinity,  which  has  especially  affected  their  inclina- 
tion on  the  south  side  of  the  river,  and  which  also  renders  it 
difficult  to  say  what  will  be  the  depth  and  position  of  the 
coal  seam  at  a  distance  from  the  river,  where  it  would  be 
necessary  to  look  for  it,  by  sinking  a  shaft,  in  case  the  water 
became  too  troublesome  at  the  localities  where  it  is  now 
worked. '  No  borings  have  yet  been  made  for  this  purpose ; 
but  wells  have  been  sunk  to  a  considerable  depth  on  the 
prairie,  a  little  east  of  Eldora,  and  about  one  and  a  quarter 
mile  from  the  river.  One  of  these  wells  was  105  feet  deep, 
of  which  sixteen  feet  was  superficial  detritus,  and  the  re- 
mainder sandstone,  without  indications  of  coal.  In  this 
connection  it  may  be  mentioned,  that  the  sandstone  bluffs 
are  not  continuous  above  the  coal  openings  along  the  river 
banks  :  on  the  contrary,  they  are  intercepted  for  a  distance 
of  one  or  two  miles,  the  rock  not  being  exposed  in  that  dis- 
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tance.  Excavations  which  have  been  made  for  coal  in  that 
space  show  that  there  is  a  considerable  thickness  of  shales 
accumulated  at  those  points ;  but  ihe  sandstone  seems  to  be 
entirely  wanting.  This  would  indicate  a  disturbance  of  the 
strata,  the  exact  nature  of  which  it  is  difficult  to  make  out 
where  the  exposures  are  so  limited. 

Some  of  the  beds  of  fire  clay  which  are  connected  with  the 
coal  in  this  region  are  of  excellent  quality  for  the  manu- 
facture of  pottery  and  fire  bricks,  and  have  already  been 
made  use  of  for  that  purpose.  The  limestones  connected 
with  the  coal  are  not  suitable  for  hydraulic  cement,  being 
almost  pure  carbonate  of  lime. 

The  only  building  stone  furnished  along  this  portion  of 
the  region  occupied  by  the  Coal  measures  is  the  sandstone, 
which  is  neither  a  very  durable  or  handsome  material  for 
that  purpose.  Some  of  the  beds  are  not  liable  to  crumble  on 
exposure  to  the  air ;  but  the  color  of  the  rock  is  too  sombre 
and  unequally  distributed  to  produce  a  pleasant  eflfect  on 
the  eye. 

In  Jasper  county,  the  rocks  of  the  Coal  measures  are  seen 
cropping  out  along  the  banks  of  Rock  creek,  a  branch  of  the 
North  Skunk.  The  exposures  here  exhibit  from  ten  to 
twenty  feet  of  a  soft,  rather  coarse-grained  sandstone,  which 
extends  along  the  stream  at  intervals  for  two  or  three 
miles.  No  appearance  of  coal-shales  or  coal  was  observed 
anywhere  in  this  part  of  the  county ;  nor  has  any  yet  been 
discovered  east  of  the  town  of  Newton,  so  far  as  we  were 
able  to  ascertain.  Loose  fragments  of  coal  are  occasionally 
found  in  the  soil,  and  have  led  to  some  attempts  to  find 
valuable  beds  by  boring.  The  same  sandstone  crops  out  in 
low  ledges  along  the  North  Skunk,  below  its  junction  with 
Rock  creek.  Some  of  the  layers  are  thin,  highly  ferruginous, 
and  durable  in  their  qualities  as  a  building  material. 

Coal  has  been  obtained  at  several  points  in  the  western 
part  of  Jasper  county.  At  a  locality  about  two  miles  west 
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of  Newton,  a  bed  has  been  opened;  but  it  was  not 
worked  at  the  time  of  our  visit.  The  coal  is  of  good  quality, 
but  the  seam  is  quite  thin.  On  Skunk  river,  about  eight 
miles  from  Newton,  considerable  coal  has  been  mined,  at  a 
locality  known  as  Slaughter's  coal-bank.  A  gently  curving 
ridge  extends  along  on  the  southwest  side  of  the  river  for  a 
distance  of  two  or  three  miles,  which  rises  to  the  height 
of,  perhaps,  a  hundred  feet  above  the  river.  This  ridge  is 
well-wooded  and  covered  with  soil,  so  that  the  rocks  are 
but  little  exposed  upon  it,  but  it  appears  to  form  an  outlier 
of  the  Coal  measures.  The  bed  of  coal,  where  opened,  is  about 
four  feet  thick,  and  is  overlaid  by  bituminous  shale,  whose 
thickness  was  not  determined,  for  want  of  a  good  exposure. 
The  dip  of  the  bed  is  about  3%  from  the  river,  or  south 
10^  east.  The  quality  of  the  coal  obtained  here  is  not  very 
good,  as  the  amount  of  sulphuret  of  iron  and  sulphate  of 
lime  present  in  the  joints  is  quite  considerable.  This  seems 
to  be  a  characteristic  feature  of  the  coal  beds  on  the  edge  of 
the  basin,  and  in  the  limited  and  detached  deposits  which 
flank  the  main  accumulations.  The  convenience  with  which 
coal  can  be  obtained  at  Slaughter's  bank,  owing  to  the  situa- 
tion of  the  bed  in  relation  to  the  river,  and  the  fact  that  no 
workable  seams  have  been  found  to  the  east  of  this  in  this 
region,  makes  this  deposit  one  of  importance  to  the  adjacent 
country ;  and  a  considerable  quantity  of  the  coal  already 
finds  its  way  to  the  neighboring  towns.  There  are  other  lo- 
calities in  the  southern  part  of  the  county  where  coal  is  said 
to  have  been  found,  but  none  where  it  has  been  worked  to 
any  considerable  extent. 
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MUSCATINE  COUNTY. 


This  county  is  bounded  on  the  southeast  by  the  Mississippi 
river,  which,  at  the  city  of  Muscatine,  makes  a  sudden  bend 
to  the  south ;  its  course  from  Davenport  to  this  place  being 
nearly  west.  The  Cedar  river  flows  through  the  county,  a 
little  west  of  its  centre,  in  a  direction  nearly  parallel  with 
that  of  the  Mississippi,  and  the  Wapsinonox  is  its  principal 
tributary.  The  route  of  the  Mississippi  and  Missouri  railroad 
runs  along  the  northern  edge  of  the  county,  and  a  branch 
from  Muscatine  intersects  it  from  north  to  south ;  so  that 
few  districts  in  the  State  have  greater  facilities  of  internal 
communication. 

The  surface  of  the  county  is  very  uniform  in  its  character ; 
the  streams  have  not  cut  through  the  prairie  deposits,  and, 
except  on  the  Mississippi  river,  we  have  not  observed  any 
rock  in  place.  The  soil  is  highly  fertile,  and  the  subsoil  a 
deep  yellowish  clayey  loam,  in  the  finest  possible  state  of 
subdivision.  The  timber  in  this  county  is  mostly  confined 
to  the  immediate  vicinity  of  the  Mississippi  and  Cedar 
rivers  and  their  branches.  The  most  abundant  trees  are 
white  and  black  oak,  hickory,  blackwalnut,  linden  and  elm. 
The  region  bordering  on  the  Cedar  is  rather  low,  and  the 
soil  somewhat  sandy,:  on  the  Wapsinonox  it  is  more  fertib, 
and  the  timber  is  of  vigorous  growth. 

There  are  no  boulders  on  the  surface,  and  but  few  indica- 
tions of  transported  drift,  the  superficial  detritus  appearing 
to  have  come  almost  entirely  from  the  decomposition  of  the 
underlying  rocks. 
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This  county  is  chiefly  under- 
laid by  limestone  of  the  Hamil- 
ton group,  which  crops  out  in 
the  adjacent  counties,  north  and 
west,  but  is  not  seen  within  the 
limits  of  this,  on  account  of  the 
heavy  superficial  deposits.  There 
is  a  narrow  belt  of  the  Carbo- 
niferous series  along  the  banks 
of  the  Mississippi,  which  ap- 
pears to  be  an  outlier  of  the  Rock 
island  coal-field  ( See  geological 
map).  This  is  finely  exhibited 
in  a  section  made  for  railroad 
purposes  just  below  the  steam- 
boat landing  at  Muscatine,  which 
is  represented  in  the  annexed 
cut  (fig.  33).  The  superficial  de- 
posit of  loamy  clay  is  ex  owed  lo 
the  thickness  of  about  fifty  feet. 
It  is  extremely  destitute  of  for- 
eign boulders,  and  appears  to  be 
made  up  almost  exclusively  of 
detritus  farmed  frcm  the  d^'^^^ - 
position  of  the  rocks  which  are 
in  the  jimmediate  vicinity,  which 
may  be  seen  in  numerous  locali- 
ties, gradually  crumbling  under 
the  influence  of  various  causes. 
Beneath  this  deposit  a  thick- 
ness of  about  fifty  feet  of  a 
somewhat  argillaceous  sandstone 
may  be  observed.  This  sand- 
stone   is   pretty  regularly  stra- 
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tified  in  its  upper  portion;  but  lower  down,  it  is  much 
disturbed,  as  if  it  had  been  deposited  under  the  influence 
of  varying  currents.  It  contains  a  great  number  of  spherical 
concretions,  which  vary  in  size  from  a  few  inches  to  eight 
feet  in  diameter.  Some  of  them  are  remarkably  symmetrical, 
as  shown  by  the  annexed  cut  (fig.  39.),  which  represents 

Fig.  39. 


one  of  the  most  regularly-formed  ones  which  we  have  ob- 
served. These  concretions  are  distinctly  stratified,  and  the 
lines  of  stratification  pass  from  the  adjacent  rock  through 
them  without  interruption.  The  material  of  which  they  are 
compose;!  is  much  harder  than  that  of  the  adjacent  sand- 
stone, contains  more  calcareous  matter  and  more  sulphuret 
of  iron  :  indeed,  in  the  smaller  ones,  a  nodule  of  this  sub- 
stance may  not  unfrequently  be  found  in  the  centre.  The 
fossil  stems  which  occur  in  the  sandstone  are  seen  to  extend 
directly  into,  and,  sometimes,  through  the  concretions; 
which,  as  well  as  the  other  facts  mentioned  above,  shows 
conclusively  that  they  have  been  formed  by  segregating 
agencies,  such  as  are  often  observed  to  have  been  operating 
in  the  rocky  strata,  but  which  have  here  caused  the  aggre- 
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gation  of  larger  and  more  symmetrically-formed  masses  than 
we  have  elsewhere  observed. 

The  sandstone  is  filled  with  impressions  of  stems  and 
leaves  of  fossil  plants  of  the  Coal  measures,  some  of  which 
are  of  considerable  size.  One  was  observed  (a  Lepidodendroriy 
species?),  which  was  traced  for  twenty  feet  in  length.  It 
was  eighteen  inches  in  diameter  in  one  direction,  iand  nine 
in  the  other ;  being,  like  most  of  the  stems  found  here, 
considerably  flattened  by  the  pressure  of  the  superincumbent 
material*. 

Beneath  this  sandstone  is  a  bed  of  coal  which  is  not 
regularly  continuous,  but  is  broken  up  into  small  inde- 
pendent basins  at  its  eastern  extremity,  as  shown  in  the 
figure.  Farther  west  it  becomes  more  regular,  attaining  a 
thickness  of  two  and  a  half  to  three  feet  :  with  the  highly 
bituminous  shale  which  is  taken  down  with  it,  it  reaches  a 
thickness  of  four  feet.  Its  quality  is  very  poor,  as  it  contains 
an  unusually  large  proportion  of  iron  pyrites  mixed  with  it. 

The  coal  is  underlaid  by  bluish  argillaceous  and  shaly 
beds,  of  which  about  twenty  feet  are  exposed  in  the  cut ; 
and,  so  far  as  known,  this  formation  extends  down  to  the 
level  of  the  river. 

The  outliers  of  coal  which  are  to  be  observed  a  short 
distance  back  from  the  river,  at  various  points' between 
New-BuflFalo  and  Muscatine,  have  been  already  noticed  in 
the  preceding  pages,  in  the  description  of  the  river  section 
(  See  pages  120  to  126  ).  The  extent  back  into  the  interior 
of  the  Coal  measures  must  be  in  some  degree  a  matter  of 
conjecture,  as  it  is  only  in  the  vicinity  of  the  river  that 
the  rocks  are  exposed. 

*The  plants  collected  from  the  coal  series  of  the  State  will  he  noticed  more  particu- 
larly and  described  In  a  future  Report. 
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SUOTT,  CEDIR,  CLINTON  AND  JONES  COUNTIES. 

These  four  counties  have  been  placed  together,  owing  to 
their  general  similarity  of  physical  and  geological  character, 
and  because  they  have  been  but  very  slightly  explored,  owing 
to  want  of  time  and  the  difficulty  of  marking  out  the  forma- 
tions which  are  concealed  under  a  heavy  body  of  sandy 
detritus  and  prairie  soil. 

This  group  of  counties  is  watered  chiefly  by  the  Wapsi- 
pinicon  and  its  branches ;  while  the  Mississippi  forms  the 
eastern  boundary  of  Clinton  and  Scott  counties,  gradually 
bending  to  the  west  from  the  head  of  the  rapids,  so  as  to 
have  at  Rock  island  a  due  westerly  course.  The  Cedar  river 
also  runs  through  the  southwest  corner  of  Cedar  county. 
The  surface  of  Scott  county  is  nearly  all  rolling  prairie  : 
the  soil  is  in  some  places  rather  sandy,  but  usually  very  good. 
The  timber  is  confined  to  the  vicinity  of  the  Mississippi 
and  Wapsipinicon,  with  the  exception  of  a  few  small  groves : 
the  white  oak,  hickory  and  black  walnut  are  the  most  com- 
mon trees.  The  localities  where  rock  has  been  observed 
within  the  limits  of  Scott  county  are  but  few  in  number, 
with  the  exception  of  those  in  the  immediate  vicinity  of 
the  Mississippi,  which  have  been  noticed  in  a  preceding 
chapter  of  this  Report  ( See  pages  121  to  125).  The  thickness 
of  the  superficial  deposits,  by  which  the  rocks  are  so  eflfec- 
tually  concealed,  is  very  variable  :  in  the  vallies  it  appears 
to  be  quite  considerable ;  but  it  is  probable  that  on  the  high 
prairies  it  is  not  as  great,  although  we  have  not  observed 
any  locality  where  it  has  been  cut  through  in  digging  for 
water,  which  is  usually  found  near  the  surface.  In  the  city 
of  Davenport,  the  bluffs  rise  gradually  to  an  elevation  of 
120  to  130  feet  above  the  river,  of  which  the  upper  sixty 
or  seventy  feet  are  made  up  of  a  succession  of  irregularly- 
stratified  layers  of  yellow  clayey  loam  and  bluish  sand  an  J 
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clay,  with  a  few  small  pebbles  scattered  through  the  mass, 
and  occasional  thin  layers  of  limestone  gravel.  In  the  clayey 
portion  there  are  occasional  patches  of  coarse  gravel,  the 
whole  presenting  the  appearance  of  having  been  deposited 
under  the  influence  of  somewhat  turbulent  currents.  After 
rising  on  to  the  general  level  of  the  prairie  we  meet  with  no 
boulders,  the  superficial  materials  being  everywhere  fine  and 
homogeneous. 

In  Clinton  county,  with  the  exception  of  the  vicinity  of 
the  Mississippi,  the  rocks  are  almost  entirely  covered  by  the 
superficial  deposits,  until  we  approach  the  northern  limit 
of  the  county,  where  there  are  numerous  ledges  of  the 
Niagara  limestone  along  the  small  streams.  The  soil  of  the 
central  portion  of  the  county  is  rather  sandy,  and  in  the 
northern  tier  of  townships  it  is  somewhat  broken  and  rather 
inferior  in  quality.  There  are  occasional  groups  of  boulders 
scattered  over  the  surface. 

In  Cedar  county,  the  northern  tier  of  townships  is  nearly 
all  prairie.  In  the  vicinity  of  the  Cedar  and  its  branches 
there  is  some  excellent  timber,  especially  on  Rock  creek, 
and  in  the  space  between  that  stream  and  the  Cedar.  The 
white  and  black  oak  are  the  predominating  trees.  There  are 
a  few  boulders  scattered  over  the  surface.  The  soil  varies  in 
character,  being  usually  of  good  quality,  but  sometimes 
rather  sandy. 

In  Jones  county  the  timber  fringes  the  banks  of  the 
Cedar,  and  is  abundant  in  the  broken  region  in  the  vicinity 
of  the  Makoqueta  river,  in  the  northeast  corner  of  the 
county.  On  this  stream  and  its  tributaries  the  white  and 
black  oak,  linden  and  hickory  are  the  most  conspicuous 
trees.  The  soil  is  rather  sandy,  and  in  some  localities  de- 
cidedly poor. 

The  lowest  geological  formation  observed  in  this  group 
of  counties  is  the  Niagara  limestone,  the  upper  beds  of  which 
crop  out  on  the  north  side  of  Clinton  and  Jones  counties. 
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giving  rise  to  a  broken  and  rather  rocky  region.  Occasional 
fragments  of  iron  ore  are  found  on  the  surface,  which  have 
originated  in  this  rock ;  it  contains,  however,  no  mineral 
deposit  of  any  importance.  Along  the  Wapsipinicon,  the  rocks 
which  show  themselves  at  various  points  are  supposed  to 
belong  to  the  series  intermediate  between  the  Niagara 
limestone  and  the  Hamilton  group ;  but  the  exposures  are  so 
infrequent,  the  number  of  fossils  so  small,  and  the  amount 
of  time  which  has  been  bestowed  on  this  region  so  short, 
that  it  is  impossible  as  yet  to  trace  with  accuracy  the  limits 
or  relations  of  the  strata.  The  outcrops  of  rock  in  Jones 
county  between  the  Makoqueta  and  Wapsipinicon,  along  the 
line  of  the  road  from  Cascade  to  Anemosa,  exhibit  a  thin- 
bedded  yellowish  magnesian  limestone  with  nodules  of  chert, 
and  destitute  of  fossils,  but  resembling  lithologically  the 
upper  beds  of  the  Niagara  limestone.  These  strata  weather 
irregularly,  and  stand  out  from  the  soil  in  low  ragged  ledges, 

as    represented     in    the    an-  Fio.  40.— Outcrop  of  Niagara  rocks. 

nexed  figure.  After  arriving  "rhfl<iraiiiir>iiiiini   i^ ■'' 

within  six  or  eight  miles  of 
Anemosa,  on  the  road  from 
Cascade,  the  rocks  are  en- 
tirely concealed  by  the  prairie  soil.  Boulders  are  scattered 
over  the  surface  in  this  vicinity  somewhat  abundantly. 

Anemosa  is  situated  on  the  Wapsipinicon,  about  a  mile 
below  the  mouth  of  Buffalo  creek.  About  three-fourths  of  a 
mile  north  of  the  confluence  of  these  streams,  a  quarry  has 
been  opened,  and  material  obtained  for  building  a  mill.  The 
rock  obtained  here  is  a  porous  light  straw-colored  magnesian 
limestone,  in  layers  which  vary  from  four  to  five  inches  in 
thickness.  The  stone  is  soft  and  dresses  well,  answering  a 
good  purpose  as  a  building  material.  No  fossils  were  observed 
in -it.  Near  the  mouth  of  the  creek,  the  rock  is  exposed  in 
irregularly  bedded  layers  of  a  grey  or  dove-colored  limestone 
quite  tough  and  compact  in  its  texture.  There  are  a  few 
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fragments  of  indistinct  fossils,  mostly  corals,  among  which 
Cyathophyllideiz  and  Stromatopora  were  recognized,  with  an 
imperfect  Spirifer. 

On  the  banks  of  the  Wapsipinicon,  a  short  distance  below 
the  town,  the  rocks  are  exposed  in  bluffs  about  100  feet  in 
height.  They  are  made  up  of  a  yellowish  porous  and  some- 
what crystalline  magnesian  limestone,  in  thick  but  irregu- 
larly stratified  layers.  Numerous  traces  of  fossils  were 
observed  at  this  locality,  but  few  of  them  distinctly  pre- 
served. The  most  common  are  corals,  namely,  Cyathophyllide<z^ 
Favosites^  Stromatopora^  and  also  an  abundance  of  fragments 
of  the  stems  of  crinoids.  There  are  some  good  regularly- 
bedded  layers  in  this  vicinity,  of  a  drab  color,  which  are 
wrought  into  grave-stones ;  but  the  locality  was  not  visited. 
It  would  appear  that  we  have  in  these  semi-crystalline 
porous  magnesian  limestones,  and  thinbedded  drab-colored 
beds,  the  representations  of  the  Leclaire  limestone  and  the 
Onondaga-salt  group  as  described  in  the  section  on  the 
Mississippi  river,  in  the  preceding  pages  (  See  pages  73  to 
80).  A  thorough  and  detailed  examination  of  the  valley  of 
the  Wapsipinicon,  will  not  fail  to  throw  much  additional 
light  on  the  range  and  extent  of  these  groups. 

Another  locality  where  the  Leclaire  limestone  was  no- 
ticed is  Walnut  grove,  two  or  three  miles  south  of  the 
Wapsipinicon,  on  the  road  from  De«vitt  to  Davenport.  The 
rocks  are  well  exposed  in  the  small  creeks  emptying  into 
the  river  in  this  vicinity.  At  one  locality,  about  a  mile  east 
of  Walnut  grove,  there  is  an  exposure  of  about  thirty  feet 
perpendicular  of  a  magnesian  limestone,  of  a  yellowish  grey 
color,  which  is  filled  with  small  cavities,  which  are  casts  of 
a  species  of  brachiopod,  in  which  the  spiral  apparatus  of  the 
animal  is  imperfectly  preserved,  as  noticed  under  the  head 
of  Leclaire  limestone  in  the  preceding  pages  (  See  page  73). 
This  outcrop  continues  all  the  way  down  the  Wapsipinicon 
to  the  Mississippi.  This  is  the  farthest  locality  to  the  north- 
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west,  in  which  the  Leclaire  limestone  has  been  distinctly 
recognized  with  these  peculiar  characters. 


JACKSON  COVNTT. 

The  Mississippi  river  bounds  this  county  on  the  east ;  and 
the  Makoqueta  traverses  it  from  west  to  east,  with  numerous 
branches,  which  head  in  Dubuque  county  and  have  a  general 
southeasterly  course.  The  surface  of  Jackson  county  is  more 
broken  and  irregular  than  that  of  any  other  in  this  section 
of  the  State.  The  Makoqueta  and  its  branches  are  skirted 
with  timber,  and  the  whole  district  between  the  north  and 
south  forks  of  that  river  is  covered  by  one  of  the  heaviest 
bodies  of  timber  in  Iowa.  The  white  oak  predominates 
here ;  but  there  are  several  varieties  of  this  genus,  together 
with  hickory,  black  walnut,  linden  and  sugar  maple,  the 
latter  in  greater  abundance  than  is  usual  in  this  State.  The 
soil  is  not,  in  general,  of  the  finest  quality.  In  the  western 
tier  of  townships,  the  surface,  where  not  covered  by  timber, 
is  rather  sandy  :  the  same  is  true  of  portions  of  the  town- 
ship, farther  east,  along  the  course  of  the  Makoqueta..  The 
southern  edge  of  the  county  is  mostly  high,  rolling  and 
somewhat  broken  prairie.  The  Tete  des  Morts  valley  in  the 
northeastern  corner  of  the  county  is  one  of  the  most  pic- 
turesque and  attractive  in  this  region.  On  the  edge  of,  or 
near,  the  stream  there  are  cliffs  of  the  Galena  limestone, 
rising  in  some  places  fifty  feet  perpendicularly.  Above 
this  rock,  we  come  upon  a  gently  undulating  region,  having 
a  rich  soil,  which  extends  back  on  each  side  of  the  creek, 
gradually  rising,  until  it  meets  the  blufis ,  at  a  distance 
which  diminishes  as  we  ascend  the  stream.  This  undulating 
and  fertile  belt  is  underlaid  by  the  soft  and  easily  decom- 
posed shales  of  the  Hudson-river  group,  which  are  capped 
by  the  harder  beds  of  the  Niagara  limestone,  containing 
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great  numbers  of  silicious  nodules,  or  flints,  and  forming  a 
thickly-wooded  crest  around  the  valley,  which  is  inter- 
sected by  numerous  ravines,  the  alternations  in  the  cha- 
racter of  the  surface  and  vegetation  giving  a  charming 
variety  to  the  scene. 

Nearly  the  whole  of  the  county  is  underlaid  by  the 
Niagara  limestone,  which  is  everywhere  exposed  on  the  Ma- 
koqueta  and  its  branches,  often  forming  cliffs  from  fifty  to 
a  hundred  feet  in  elevation.  No  other  rock  than  this  is  seen 
in  the  interior  of  the  county ;  but,  on  its  eastern  and  north- 
eastern edge,  the  Mississippi  and  its  tributaries  have  cut 
down  through  the  underlying  Hudson-river  shales  into  the 
Galena  limestone,  and  exposed  from  fifty  to  a  hundred  feet 
in  thickness  of  this  latter  rock.  Along  the  east  side  of  the 
Mississippi,  from  the  northern  line  of  the  county  nearly  to 
Bellevue,  the  Galena  limestone  rises  in  cliffs  of  from  fifty 
to  one  hundred  feet  in  height  near  the  river's  edge;  which 
are  succeeded  by  an  undulating  and  gently-ascending  plateau 
of  half  a  mile  to  a  mile  in  width,  formed  by  the  Hudson- 
river  group,  which  appears  to  have  a  thickness  of  from 
seventy  to  eighty  feet,  but  is  rarely  exposed.  This  rock 
gradually  sinks  as  we  proceed  down  the  river,  and  its  lower 
edge  nearly  comes  to  a  level  with  the  water  at  Bellevue. 
The  dip  of  the  strata  seems  to  be  quite  rapid  in  this  region, 
as  is  shown  by  the  position  of  the  Hudson-river  shales, 
which  are  met,  in  ascending  the  bluff  at  Dubuque,  at  an 
elevation  of  from  235  to  250  feet;  while,  at  Bellevue,  they 
have  sunk  to  the  water's  edge,  although  the  direction  of  the 
river  in  this  part  of  its  course,  is  at  a  considerable  angle 
with  the  line  of  greatest  dip  of  the  strata  in  this  region. 
Prom  Bellevue  to  Sabula,  near  which  place  the  Hudson- 
river  group  finally  disappears  beneath  the  river,  the  dip  is 
considerably  less  than  it  has  been  shown  to  be  above  the 
first-mentioned  place. 

The  Niagara  limestone,  as  developed  in  this  district,  is  a 
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light  greyish-yellow  dolomite,  which  is  generally  somewhat 
crystalline  in  its  texture.  Its  upper  portion  is  more  porous 
and  softer  than  the  lower,  so  that  it  is  much  less  conspi- 
cuous than  the  harder  strata  below.  In  the  southern  part  of 
the  county  these  upper  beds  are  seen  occasionally,  and 
especially  in  loose  masses,  which  are  characterized  by  the 
presence  of  numerous  casts  of  the  heads  and  stems  of  cri- 
noids,  of  which  the  genus  Caryocrinus  is  the  most  abundantly 
represented.  These  upper  beds  are  not  represented  in  any 
good  section,  owing  to  the  facility  with  which  the  strata 
become  disaggregated.  The  middle  beds  are,  however,  well 
exhibited  in  very  numerous  localities.  The  following  section 
was  measured  about  two  miles  east  of  Makoqueta,  at 
Goodenow's  quarry,  from  which  building  inaterials  for  the 
use  of  the  town  are  largely  quarried. 

Loam  and  claj 8  feet. 

Chert  and  red  ferruginouB  clay 2  feet. 

Thinbedded  dolomite  with  flint,  non-fossiliferous,  the 
layers  slightly  argillaceous 8  feet. 

Compact  dolomite,  distinctly  bedded 8  inches. 

Light  buff-colored  compact  dolomite 1  foot. 

(This  and  the  overlying  lajer  are  the  onlj  valaable  building 
stone  of  the  quarry  ) . 

Mass  of  dolomitic  limestone,  indistinctly  bedded  and  not 
fully  exposed,  containing  a  few  corals,  of  which 
Syringopora  is  the.  most  conspicuous        90  feet. 

In  the  above  section,  the  eight-inch  and  one-foot  layer, 
near  the  top  of  the  quarry,  are  evenly-bedded  and  of  the 
right  texture  for  building  materials  :  the  lower  ninety  feet 
is  made  up  of  a  rock  too  massive  and  unevenly  bedded  to 
be  of  much  value. 

At  Tubbs's  mill,  near  the  town,  there  is  an  exposure  of 
about  thirty  feet,  where  the  following  section  was  obtained: 
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Buff-colored  dolomite,  irregularly  bedded  and  filled  with 

casts  of  Pentamervs '.-...       8  feet. 

Heavybedded,  greyish-yellow   dolomite,  in  layers  from 

eighteen  inches  to  two  feet  in  thickness 10   feet. 

Thinnerbedded  and  somewhat  ferruginous  layers,  with  a 
few  corals      .     : 12  feet. 

The  heavy  beds  in  the  centre  of  the  section  are  separated 
from  each  other  by  cherty  layers  :  they  have  been  extensively 
quarried,  and  furnish  a  pretty  good  building  stone. 

Brush  creek,  which  heads  in  the  northern  part  of  the 
county,  and  runs  south  through  the  centre  of  it,  is  bordered 
by  bluffs  from  fifty  to  a  hundred  feet  in  height,  which  rise 
almost  vertically  from  the  river-bottom.  The  rock  is  usually 
a  buff-colored  dolomite,  with  numerous  flinty  nodules  scat- 
tered through  it,  which  impair  its  value  as  a  building- stone. 
The  only  fossils  which  occur  in  any  considerable  abundance 
are  corals,  among  which  Halt/sites  catenulatusy  Favosites  and 
Stromatopora  are  the  most  common.  The  same  remark  will 
apply  to  the  outcrops  on  the  North  fork  of  the  Makoqueta 
and  Lytle's  creek,  a  branch  of  the  same. 

The  occurrence  of  iron  ore  in  numerous  localities  in  Jack- 
9on  county  will  be  noticed  in  the  chapter  devoted  to  econo- 
mical geology,  and  in  the  same  connection  the  diggings  for 
lead  ore,  both  in  the  Niagara  limestone  at  various  places 
and  in  the  Galena  or  true  lead-bearing  rock,  in  the  Tete  des 
Morts  valley,  will  be  described. 
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The  Little  Makoqueta  and  its  numerous  branches  water  the 
northern  and  central  portions  of  this  county,  while  the  larger 
stream  of  the  same  name,  and  its  tributaries,  run  through  the 
southern,  southeastern  and  western  townships.  The  Missis- 
sippi forms  the  eastern  boundary  of  the  county,  and  the 
Dubuque  &  Pacific  railroad  passes  through  the  central  portion 
of  it,  while  other  railroads  are  in  contemplation,  by  which 
every  part  of  the  county  will  be  rendered  easily  accessible. 
There  is  a  considerable  amount  of  water-power  on  both  the 
Little  and  Big  Makoqueta  and  their  branches. 

The  nature  of  the  surface  and  soil  varies  considerably  in 
the  different  portions  of  the  county.  In  the  northeastern 
townships  the  streams  have  cut  deep  vallies,  exposing  the 
rocks  in  steep  bluffs  ;  the  surface  is,  therefore,  quite  broken, 
and  a  large  part  of  it  well  timbered,  mostly  with  oak  of 
good  quality.  The  soil  of  these  townships  is  rather  sandy, 
except  in  the  river  bottoms,  where  it  is  of  the  most  fertile 
description.  Dubuque  township  (T.80,  R.  2,  E.)  is  mostly 
high  rolling  prairie,  with  very  little  timber  except  on  the 
bluffs  which  line  the  Mississippi  and  mark  the  line  of  out- 
crop of  the  Niagara  limestone.  The  township  immediately 
west  of  this  (T.  89,  R.  1,  E.)  is  very  much  broken  and  in- 
tersected with  deep  ravines ;  it  is  almost  entirely  covered 
with  timber  of  vigorous  growth  and  a  great  variety  of  species. 
Farther  west,  in  the  same  tier  of  townships,  the  country 
becomes  more  elevated  and  less  broken,  the  proportion  of 
timbered  land  to  prairie  constantly  increasing.  In  the  south- 
ern half  of  the  county  the  same  gradual  passage  from  a 
broken  timbered  region,  to  the  high  rolling  prairie,  takes 
place  in  going  from  the  east  to  the  wej  t.  The  central  and 
western  townships  are  almost  entirely  prairie,  except  in  the 
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extreme  southwestern  corner  of  the  county,  where  the  Ma- 
koqueta  river  and  its  tributaries  have  cut  deep  into  the  rocks. 
The  elevation  of  the  high  prairie  land  in  the  centre  of  the 
county  along  the  line  of  the  Dubuque  &  Pacific  railroad  has 
been  given  in  a  preceding  chapter  (  See  page  3). 

The  geological  formations  which  are  exposed  in  this  county 
include  the  various  groups  from  the  Trenton  or  Blue  lime- 
stone up  to  the  Niagara  limestone ;  the  exposures  of  the 
rocks,  especially  in  the  eastern  part  of  the  county,  being 
numerous  and  satisfactory. 

Beginning  with  the  lowest  group,  the  Trenton,  and  pro- 
ceeding upwards  in  the  series,  the  most  important  exposures 
will  be  noticed. 

Trenton  limestone.  This  rock  first  makes  its  appearance  in 
ascending  the  Mississippi,  in  the  neighborhood  of  Dubuque ; 
and  is  exposed  to  a  sufficient  extent  to  be  quarried,  at 
Eagle  point,  about  two  miles  above  the  city.  Here  the  layers 
are  from  six  to  twelve  inches  in  thickness,  consisting  of  a 
tolerably  compact  bluish  gray  limestone,  which  contains 
Ceraurus  pleurexanthemusy  Isotelus  gigasy  Orthis  testudinariay 
Strophomena  alternata^  Leptana  sericea  and  other  fossils  com- 
monly found  in  this  geological  position  throughout  this  region. 
There  is,  at  this  point,  a  thickness  of  from  twenty  to  thirty 
feet  of  this  rock  above  low-water  mark.  On  the  opposite 
side  of  the  river,  at  Dunleith,  quarries  are  opened  all  along 
the  bank,  at  about  high- water  mark,  for  a  distance  of  a  mile 
or  two  above  the  town.  The  rocks  are  similar  in  character 
to  those  of  Eagle  point ;  but  certain  layers  near  low- water 
mark  are  much  more  fossiliferous,  and  furnish  the  best  spe- 
cimens illustrating  the  character  of  organic  life  at  this  pe- 
riod, which  have  been  procured  in  this  region.  These  layers 
are  of  a  light  gray  color,  and  thinbedded,  with  argillaceous 
partings,  which  become  light  yellow  on  exposure  to  the  air, 
and  are  made  up  of  a  mass  of  brachiopods,  crustaceans  and 
bryozoa,  weathering  out  with  quite  perfect  forms,  although 
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composed  of  carbonate  of  lime,  and  apparently  quite  homo- 
geneous in  character  with  the  surrounding  rocks.  The  fact 
that  this  rock  splits  in  layerd  of  a  suitable  size  for  building 
purposes,  and  that  it  dresses  well,  being  quite  free  from 
chert,  renders  it  a  desirable  building  stone,  and  it  is  much 
used  for  that  purpose  at  Dubuque.  The  undulation  of  the 
strata  are  such  in  this  region  that  the  whole  thickness  of 
the  Trenton  limestone  is  brought  up,  in  ascending  the  river, 
near  the  mouth  of  the  Platte,  the  upper  sandstone  being 
exposed  at  that  point.  The  strata  decline  to  the  north  again 
rapidly,  so  as  to  bring  the  sandstone  below  the  water  at 
Cassville.  The  Trenton  beds  have  not  been  noticed  in  Du- 
buque county,  except  on  the  Mississippi  river.      <^ 

Galena  limestone.  This  rock  is  of  great  importance  in  this 
county,  as  the  source  of  the  lead-ore  which  has  been  so  ex- 
tensively mined  in  the  vicinity  of  Dubuque.  Bluflfs  of  this 
rock  border  the  Mississippi  along  its  whole  course  on  the  east 
boundary  of  this  county,  and  it  is  finely  exposed  on  the 
Little  Makoqueta  and  its  branches,  as  also  on  the  smaller 
streams  emptying  directly  into  the  Mississippi.  At  Buena- 
vista,  the  whole  height  of  the  bluffs  which  border  the  river 
is  of  the  Galena  limestone ;  but  at  a  distance  of  between 
two  and  three  miles  from  the  river,  the  precipitous  cliffs  of 
the  Niagara  limestone  may  be  seen,  and  can  be  followed  in  a 
southeasterly  direction,  passing  about  seven  miles  west  of 
Dubuque,  and  gradually  approaching  the  river  again,  and 
finally  reaching  it  a  little  south  of  the  Tete  des  Morts  valley 
in  Jackson  county.  The  space  thus  enclosed  between  the 
Niagara  limestone  and  the  river,  forming  a  belt  some  eight 
or  ten  miles  wide  in  its  widest  part,  is  chiefly  occupied  by 
the  Galena  limestone,  which  may  also  be  traced  for  some 
distance  up  all  the  vallies  of  the  streams  running  down  from 
the  Niagara  plateau. 

The  lithological  character  of  the  Galena  limestone,  as  seen 
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in  this  county,  where  it  is  as  well  developed  as  in  any  part 
of  the  Northwest,  is  everywhere  nearly  the  same.  It  is  an 
almost  pure  dolomite,  containing  from  three  to  eight  percent 
of  silicious  substances  intermixed  with  the  double  carbonate 
of  lime  and  magnesia,  and  tinged  of  a  light  greyish  color 
by  a  little  carbonate  of  iron,  where  it  has  not  been  exposed, 
but  which  soon  changes  to  a  light  buflf  by  the  oxidation  of 
the  iron,  when  acted  on  by  air  and  moisture.  A  thickness  of 
a  little  over  250  feet  of  this  formation  is  exposed  at  Dubuque, 
and  that  seems  to  be  about  its  maximum  development. 

One  of  the  most  characteristic  features  of  the  Galena 
limestone  is  its  peculiar  mode  of  weathering.  It  seems  to 
decompose  very  unequally,  and  thus  gives  rise  to  a  great  va- 
riety of  interesting  forms,  which  give  to  the  landscape, 
where  this  rock  predominates,  a  singularly  picturesque  cha- 
racter. The  summits  of  the  bluflfs  bordering  all  the  streams 
in  the  eastern  and  northeastern  parts  of  the  county  are 
crowned  with  almost  perpendicular  ledges  of  this  rock,  which 
in  many  places  have  a  castellated  appearance,  like  the  half 
ruined  wall  of  some  ancient  fortified  city.  Occasionally 
isolated  masses  of  rocks  rise  abruptly  from  the  vallies,  re- 
sembling lofty  watch-towers.  Some  of  the  most  curious  of 
these  outcrops  may  be  seen  on  the  Little  Makoqueta,  in  the 
northeast  corner  of  T.  89,  R.  1  E.  The  annexed  woodcut 
represents  an  isolated  group  of  rocks  of  this  formation,  which 
is  near  the  railroad,  three  and  a  half  miles  from  Dubuque. 

Fio.  41. —  View  of  Outcrop  of  Galena  limestone  in  the  Catfish  valley,  near  Dubuque.  ' 
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The  upper  portion  of  this  limestone  is  more  regularly 
bedded  than  the  lower,  and  hence  the  quarries  near  Dubuque 
are  mostly  at  an  elevation  of  about  two  hundred  feet  above 
the  river.  At  this  level  the  layers  are  from  six  to  eight 
inches  in  thickness,  and  comparatively  free  from  cherty  no- 
dules, which  abound  in  the  heavy-bedded  portion  below.  As 
a  building-stone,  this  rock  answers  quite  well,  having  an 
agreeable  tint ;  but  it  does  not  dress  smoothly,  or  weather 
uniformly  enough  to  be  used  for  the  best  work.  The  custom- 
house at  Galena,  a  city  surrounded  by  bluffs  of  the  Galena^ 
is  built  of  rock  from  the  Carboniferous  limestone  group, 
brought  from  a  point  on  the  river  two  hundred  miles  distant. 
The  lithological  character  and  chemical  composition  of  the 
Galena  limestone,  as  well  as  of  all  the  other  rocks,  will  be 
noticed  more  at  length  in  a  special  chapter  devoted  to  that 
subject.  The  full  description  of  the  mode  of  occurrence  of 
the  various  metallic  ores  which  are  found  in  this  limestone, 
especially  of  lead  and  zinc,  will  be  found  farther  on,  in 
the  chapter  on  economical  geology. 

Hudson-river  group.  For  a  notice  of  the  occurrence  of  this 
group  in  Dubuque  county,  see  page  64  of  a  preceding  chap- 
ter, in  which  a  detailed  section  of  the  strata  belonging  to 
this  geological  position,  as  exhibited  on  the  Little  Makoqueta, 
is  given.  In  the  chapter  devoted  to  the  chemical  com- 
position of  the  rocks,  some  farther  remarks  will  be  found  on 
the  lithological  character  of  these  rocks.  In  this  connection, 
a  few  additional  notes  on  the  range  and  extent  of  the  for- 
mation in  Dubuque  county  will  be  added. 

The  shaly  and  easily  decomposing  nature  of  the  rocks  of 
which  the  Hudson-river  group  is  made  up,  renders  natural 
sections  very  uncommon ;  and  although  evidences  of  its  exis- 
tence has  been. obtained  at  many  points,  yet  it  has  usually  been 
by  means  of  artificial  excavations.  In  the  Dubuque  &  Pacific 
railroad  cut,  a  little  west  of  the  town  of  Julien,  the  blue 
shales  have  been  intersected  for  a  considerable  distance,  and 
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the  whole  thickness  of  the  group  exposed;  but  the  rock  is 
so  soft  and  crumbly  and  the  sides  had  been  so  much  washed 
down,  that  no  satisfactory  section  could  be  observed.  Within 
the  limits  of  the  city  of  Dubuque,  on  Julien  avenue,  at  an 
elevation  of  two  hundred  and  thirty-five  feet  above  the  river, 
the  blue  shales  have  been  intersected  in  digging  a  well,  and 
a  fine  specimen  of  Isotelus  gigas  obtained.  In  all  the  shafts 
which  have  been  sunk  for  lead,  on  the  highest  ground  be- 
tween the  streams  in  the  vicinity  of  Dubuque,  a  greater  or 
less  thickness  of  this  rock  has  been  cut  through.  As  the 
shales  which  are  thrown  out  in  the  excavations  are  soon  co- 
vered up  at  the  mouth  of  the  shaft  by  the  underlying  lime- 
stone, there  is  usually  no  opportunity  to  see  the  character 
of  the  section,  except  when  one  is  on  the  spot  at  the  time 
the  digging  is  commenced.  This  accounts  for  the  fact  that 
the  extension  of  the  Hudson-river  group  over  so  much  of 
the  lead  region  was  only  so  recently  recognized.  On  Sections 
15  and  16,  in  Dubuque  township,  the  rock  thrown  out  in  the 
diggings  consists  mostly  of  a  light  grey  but  highly  bitumi- 
nous shale,  with  a  few  graptolitic  impressions  and  occasional 
layers  filled  with  Orthoceratites.  On  a  small  stream  flowing 
north  through  Sections  18,  7  and  6,  and  a  branch  of  the 
same  in  Sections  17  and  8,  there  are  natural  exposures  of  a 
few  feet  in  thickness  of  a  light-colored,  coarse-grained,  im- 
pure magnesian  limestone,  in  which  the  Orthoceratites  are 
crowded  together  in  greater  numbers,  and  in  a  more  perfect 
state  of  preservation  than  at  any  other  locality  examined 
by  us.  The  bed  of  the  stream  is  filled  with  fragments  of  fos- 
siliferous  rock,  contai;ining  great  numbers  of  Murchisonia  re- 
sembling M.  gracilis^  Pleurotomaria,  Lingular  Tellinomt/ay  and 
fragments  of  Orthoceratites.  The  best  natural  sections  of  the 
Hudson-river  group,  however,  as  before  notiqed,  are  on  the 
Little  Makoqueta  river  between  Sims's  mill  and  Channings- 
ville,  and  in  the  small  streams  coming  into  it  from  the  north- 
west (See section  on  page  66).  No  doubt,  careful  exploration 
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will  reveal  other  good  exposures  on  the  Middle  fork  of  the 
Makoqueta  and  its  branches.  As  we  proceed  towards  the 
north  from  the  Middle  fork  of  the  Catfish,  where  this  group 
occupies  the  highest  portions  of  the  region  over  a  width  of 
six  or  seven  miles,  we  find  more  and  more  of  it  removed  by 
denudation  ;  and  on  the  northern  edge  of  the  county,  it  forms 
only  a  very  narrow  strip  along  the  base  of  the  bluffs  of  the 
Niagara  limestone. 

Niagara  limestone.  This  formation  occupies  all  the  elevated 
prairie  region  of  Dubuque  county,  comprising  about  three- 
fourths  of  its  surface.  The  line  of  outcrop  is  well  marked, 
and  may  be  traced  in  a  range  of  precipitous  bluffs,  having  a 
very  irregular  outline,  and  with  occasional  outliers,  in  a  di- 
rection parallel  with  Turkey  river,  and  at  a  distance  of  from 
one  to  two  miles  from  it,  diagonally  across  the  country, 
gradually  curving  in  towards  the  Mississippi  to  the  south  of 
the  city  of  Dubuque,  and  approaching  it  within  a  distance 
of  half  a  mile  near  the  Tete  des  Morts  valley.  The  numerous 
small  streams  which  descend  from  the  elevated  plateau  of 
the  Niagara,  have  cut  deeply  down  into  the  rocks,  so  that 
the  lower  formations  may  be  followed  up  the  vallies  far  above 
the  point  where  the  Niagara  occupies  the  general  level  of 
the  country.  For  this  reason,  and  also  partly  on  account  of  the 
irregular  denudation,  the  range  of  bluffs  indicating  the  out- 
crop of  the  Niagara  is  very  irregular,  with  numerous  pro- 
jecting spurs,  which  extend  out  sometimes  in  long  narrow 
flat-topped  ridges  with  almost  vertical  sides,  giving  a  pecu- 
liar and  picturesque  character  to  the  landscape.  The  elevation 
of  these  ridges  is  usually  from  five  hundred  to  six  hundred 
feet  above  the  Mississippi,  and  from  one  hundred  and  fifty 
to  two  hundred  feet  above  the  rolling  and  gently  declining 
belt,  occupied  by  the  Hudson-river  shales,  at  their  base.  The 
outlying  masses  capped  by  the  Niagara  limestone,  which  are 
so  conspicuous  in  the  lead-region,  and  which  are  known  as 
moundsy  have  already  been  alluded  to  (pages  12  and  13). 
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The  annexed  section  will 
give  an  idea  of  the  relations 
of  the  different  members  of 
the  series  in  the  vicinity  of 
the  Mississippi  river,  and 
will  indicate  the  amount  of 
denudation  to  which  this 
whole  region  has  been  sub- 
jected. The  longitudinal 
extension  of  the  section  is 
about  twelve  miles ;  and  the 
height  of  the  Niagara  lime- 
stone, as  still  seen  in  the 
outlier  known  as  Sinsinne- 
wa  mound,  is  nearly  six 
hundred  feet  above  the  river. 
That  the  strata  were  once 
continuous  over  this  space, 
can  hardly  be  doubted  ;  and 
when  it  is  considered  that 
we  have  outliers  of  the 
same  character,  and  about 
the  same  elevation,at  various 
distances,  for  forty  miles  to 

the  northeast  of  Sinsinnewa, 
some  idea  of  the  long  con- 
tinued action  of  denuding 
forces  over  this  region  may 
be  obtained.  In  the  case  of 
the  Blue  mounds,  the  pre- 
servation of  the  strata  seems 
to  have  been  due  to  the 
great  hardness  of  the  Niaga- 
ra litnestone  at  this  point, 
since  the  upper  portion  of 
the  higher  mound  is  found 
to  have  been  entirely  con- 
verted into  a  silicious  mass. 


Tablv  mound. 
l^iagara  limetiUm*,  472/. 


CATriBH   CRBKK. 


Mississippi  kitkb. 
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The  Niagara  limestone,  throughout  this  region,  presents 
nearly  the  same  lithological  character.  It  is  a  nearly  pure 
dolomite,  not  diflfering  materially  in  chemical  composition 
from  the  Galena  limestone,  but  being  usually  a  little  less 
crystalline  in  its  texture  and  more  distinctly  stratified  than 
that  rock.  It  contains,  also,  numerous  intercalated  bands  or 
irregular  layers  of  chert,  which  are  especially  abundant  in 
the  middle  portion  of  the  series,. and  which,  as  the  strata 
become  disaggregated  by  exposure,  accumulate  on  the  sur- 
face, especially  on  the  elevations  from  which  the  soil  has 
been  washed  down  into  the  vallies,  and  which,  on  this  ac- 
count, are  frequently  designated  as  "  flint-ridges".  This  rock, 
when  not  too  cherty ,  forms  a  valuable  building  material  and  is 
quarried  in  numerous  places  for  that  purpose.  The  following 
section  at  a  quarry  on  the  Delhi  road,  about  eight  miles  west 
of  Dubuque,  near  the  summit  of  the  ridge,  will  give  an  idea 
of  the  succession  of  the  beds  in  this  portion  of  the  Niagara. 

Thinbedded  flinty  layers 4  feet. 

Heavy  layers  alternating    with  oherty  bands  two    or  three 

inches  thick       5  feet. 

Fine  white  and  compact  dolomite  in  beds  from  6  to  14  inches 

thick,  with  a  few  thin  layers  of  chert 5  feet. 

Irregularly  stratified  and  somewhat  concretionary  beds,  with 
shaly  partings  :  thickness  not  known. 

Rocks  very  similar  in  character  to  these  are  quarried  on 
Waddles's  mound  near  Galena,  and  used  for  building  in  pre- 
ference to  the  Galena  limestone,  which  is  less  regularly 
bedded  and  weathers  more  unequally  than  the  Niagara. 

The  exposures  of  the  Niagara  limestone  in  the  southwest- 
ern portion  of  the  county,  on  the  north  fork  of  the  Mako- 
queta  and  its  branches,  are  very  numerous.  There  is  not 
unfrequently  a  thickness  of  one  hundred  and  fifty  to  one 
hundred  and  eighty  feet  exhibited  in  the  river  bluffs  of  that 
region.  On  the  edges  of  the  bluffs  the  soil  is  usually  thin, 
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and  filled  with  angular  fragments  of  chert ;  but  on  receding 
a  short  distance  from  the  streams,  the  rocks  are  found  to  be 
covered  with  a  heavy  covering  of  finely  comminuted  mate- 
rials, forming  a  rolling  and  highly  fertile  country. 

The  lower  beds  of  the  Niagara  are  not  very  fossiliferous, 
but  the  upper  ones  are  everywhere  characterized  by  the 
presence  of  corals,  which,  having  been  silicified,  resist  the 
influence  of  the  weather  and  accumulate  on  the  ridges  in 
considerable  quantity.  Among  the  corals,  Holy  sites  catenulatus 
is  the  most  conspicuous;  but  Favosites^  Lyellia^  Stromatopora^ 
Syringopora,  Heliolites  and  other  genera  are  each  represented 
by  one  or  more  species.  Pentamerus  oblongus  is  also  accumu- 
lated in  some  localities  in  great  numbers. 


DELIWIRE  AND  BUCHMIN  COUNTIES. 

These  two  counties  were  traversed  at  different  times  by 
members  of  the  geological  corps,  but  were  not  explored  with 
any  minuteness.  The  region  is  mostly  rolling  prairie,  and 
the  exposures  of  the  rocks  are  not  satisfactory,  although  not 
unfrequent  on  the  principal  streams. 

The  Makoqueta  runs  diagonally  through  the  centre  of 
Delaware  county,  and  has  numerous  small  branches  flowing 
into  it  from  each  side,  in  a  direction  nearly  at  right  angles 
to  its  course.  The  streams  are  fringed  with  timber,  and  there 
are  occasional  groves ;  but  the  larger  part  of  the  county  is 
a  rich  and  fertile  rolling  prairie. 

The  only  rock  seen  in  place  in  Delaware  county  is  the 
Niagara  limestone,  which  crops  out  on  all  the  streams  in  the 
northeastern  townships,  with  the  same  lithological  charac- 
ters, and  containing  the  same  fossils  which  have  been  noticed 
as  belonging  to  this  formation  in  the  adjoining  county  to  the 
east.  The  bluffs,  however,  are  much  less  elevated  than  they 
are  in  Dubuque  or  Clayton  counties,  as  the  streams  are 
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smaller  and  have  not  cut  their  heds  down  so  deeply.  The 
most  western  exposure  of  rock  observed  in  Delaware  county 
was  at  Coffin's  grove,  where  the  Niagara  was  seen  in  low 
cliffs,  containing  the  usual  corals  which  everywhere  in  this 
region  mark  the  presence  of  this  rock.  Beyond  this  point  to 
the  westward,  no  rocks  are  exposed,  either  on  the  road  to 
Independence,  or  for  some  distance  on  either  side  of  it,  until 
we  reach  the  Wapsipinicon  river.  The  outcrop  of  the  Le- 
claire  limestone,  or  of  other  groups  intermediate  between 
the  Niagara  and  the  Hamilton  group,  was  sought  for  in  vain 
in  the  district  near  the  borders  of  Delaware  and  Buchanan 
counties. 

No  other  rocks  were  observed  in  Buchanan  county  than 
those  belonging  to  the  Hamilton  group,  which  make  their 
appearance  on  the  Wapsipinicon  at  Independence,  and  are 
seen  along  the  river  as  far  down  as  the  south  boundary  of 
the  county.  There  is  a  vertical  thickness  of  about  one  hun- 
dred feet  exposed  at  Independence  in  the  ledges  which  bor- 
der the  river  and  the  quarries  which  are  near  the  town,  a 
short  distance  to  the  east.  The  upper  beds  are  made  up  of 
a  somewhat  argillaceous  carbonate  of  lime,  which  is  not 
crystalline,  and  breaks  with  an  irregular  fracture  :  they  are 
highly  fossiliferous,  containing  an  abundance  of  Spirifer  and 
Atrypa  and  a  few  corals.  The  strata  near  the  level  of  the 
river  have  a  brecciated  character,  and  are  less  fossiliferous 
than  those  exposed  at  the  quarry. 

These  rocks  are  burned  for  lime,  and  are  valuable  for  that 
purpose,  but  they  are  too  irregularly  bedded  to  be  of  much 
value  as  a  building  material. 


asoLOGT  OP  IOWA.  297 


CLATTON  COiniTT. 

Tins  county  is  bounded  on  the  east  by  the  Mississippi  river 
and  is  watered  by  the  Turkey  river  and  its  numerous, 
branches,  as  well  as  by  several  smaller  streams  which  are 
directly  tributary  to  the  Mississippi.  The  Turkey  runs  dia- 
gonally through  the  county  from  northwest  to  southeast ; 
its  principal  branch  is  the  Volga,  and  both  these  streams 
have  numerous  smaller  affluents,  of  which  the  Little  Turkey, 
Cedar,  Pony,  Dry  Mill,  Bear,  Elk  and  Cox  creeks  are  the 
most  important.  The  county  is  well  watered,  and  furnished 
with  abundant  water-power.  The  surface  of  Clayton  county 
is  quite  broken,  and  the  larger  part  of  it  is  covered  by  heavy 
timber.  Turkey  river  runs  between  high  and  precipitous 
bluffs,  and  is  bordered  along  its  entire  course  with  an  abun- 
dant supply  of  oak,  sugar  maple,  blackwalnut,  ash  and  lin- 
den. There  is  an  irregular  belt  of  rolling  prairie  extending 
through  the  county  from  southeast  to  northwest  along  the 
divide  between  the  streams  flowing  directly  into  the  Missis- 
sippi and  those  which  are  tributary  to  the  Turkey,  and  also 
a  few  small  tracts  between  the  Volga  and  the  Turkey  which 
are  not  covered  with  timber.  The  soil  is,  generally,  excellent, 
especially  in  the  river  bottoms.  In  the  southeast  corner  of 
the  county  it  is  rather  clayey,  and  the  sub-soil  throughout 
this  part  of  the  State  is  usually  quite  argillaceous.  On  the 
whole,  Clayton  county  stands  among  the  first  in  the  State, 
taking  into  consideration  soil,  abundance  of  timber,  water- 
power  and  general  situation. 

The  whole  series  of  rocks,  from  the  Niagara  limestone 
downwards  to  the  Lower  Magnesian,  is  exposed  within  the 
limits  of  Clayton  county ;  and  at  numerous  points,  especially 
on  the  Mississippi  and  the  Turkey,  good  sections  may  be 
obtained. 

r  Iowa  Survey.]  88 
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Beginning  with  the  southern  extremity  of  the  county  and 
proceeding  northward,  which  takes  us  from  higher  rocks  to 
those  which  are  lower  in  the  geological  series,  we  pass  suc- 
cessively over  the  Niagara,  the  Hudson-river,  the  Galena 
and  the  Trenton  limestones,  which  latter  rock  occupies  the 
greater  part  of  the  surface  in  the  northern  tier  of  townships, 
while  the  streams  have  cut  down,  in  that  region,  to  a  con- 
siderable depth  in  the  Lower  Magnesian.  South  of  Buena- 
vista,  Millville  and  Newstand,  the  outcrop  of  the  Niagara 
limestone  is  marked  by  an  irregular  precipitous  line  of  bluffs 
which  have  an  elevation  of  from  five  hundred  to  six  hundred 
feet  above  the  river.  This  line  of  outcrop  is  at  a  distance  of 
three  or  four  miles  from  the  Mississippi  and  Turkey  rivers, 
and  is  a  distinctly  marked  feature  of  the  country  through 
the  whole  extent  of  the  county.  The  Volga  river  intersects 
the  Niagara  a  short  distance  above  Elkport,  and  the  high 
bluffs  of  this  rock  are  continued  along  nearly  parallel  with 
the  course  of  the  Turkey,  and  at  a  distance  of  from  one  to 
two  miles  from  that  stream.  The  elevation  of  the  outcrop- 
ping edges  of  this  rock  was  estimated  at  four  hundred  feet 
above  the  valley.  The  bluffs,  however,  gradually  decline  in 
height  from  the  southeast  to  the  northwest.  On  the  Volga, 
near  Volga  city,  they  rise  to  an  elevation  of  about  seven 
hundred  feet  above  the  valley,  which  is  here  about  two 
miles  in  width.  The  varied  grouping  of  the  bluffs,  combined 
with  the  richness  of  the  valley,  give  a  highly  picturesque 
character  to  the  scenery  of  this  part  of  the  county.  In  its 
lithological  character,  the  Niagara  limestone  of  this  region  is 
very  little  different  from  that  of  the  region  farther  south. 
It  has  a  light  buff-grey  color,  weathering  with  a  decided 
yellow  tinge,  and  is  rather  heavy-bedded,  although  not  very 
distinctly  stratified.  At  a  point  about  three  miles  south  of 
Elkader,  a  number  of  fossils  were  collected  from  thiB  rock, 
among  which  Favosites  niagarensis  was  the  most  conspicuous. 
In  the  bluffs  south  of  Elgin,  at  a  distance  of  about  two  and 
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a  half  miles  from  that  place,  and  an  estimated  elevation 
above  the  Turkey  of  three  hundred  and  fifty  feet,  numerous 
corals  were  found,  including  Haly sites  catenulatusy  Heliolites 

?,  and  Syringopora  n.sp.  The  region  occupied   by  the 

Niagara  limestone  in  the  southwestern  corner  of  the  county 
is  quite  elevated,  and  much  of  it  is  very  broken.  It  is  from 
one-fourth  to  one-third  prairie,  and  the  soil  is  frequently 
rather  sandy  and  filled  with  fragments  of  chert. 

The  Hudson-river  group  undoubtedly  extends  through  the 
county,  as  it  has  been  recognized  in  the  adjoining  one  on 
the  west,  although  quite  different  in  character  from  the  same 
group  in  the  vicinity  of  the  Mississippi.  A  few  small  patches 
still  remain,  and  are  occasionally  exposed  by  artificial  exca- 
vations between  the  Mississippi  and  Turkey  rivers.  In  the 
neighborhood  of  Garnavillo,  the  shales  of  this  group  have 
been  intersected  in  several  places  in  digging  wells.  The 
presence  of  these  shales,  which  form  by  their  ready  decom- 
position a  deep  argillaceous  soil,  gives  a.  peculiar  character 
of  fertility  and  beauty  to  this  region. 

The  Galena  limestone  crops  out  on  the  Mississippi  river, 
forming  the  whole  mass  of  the  bluffs  at  the  southern  edge 
of  the  county,  but  thinning  out  gradually  to  the  north  as 
the  successive  lower  groups  make  their  appearance  above  the 
water.  It  finally  disappears  on  the  river  altogether  in  the 
neighborhood  of  Clayton,  the  Trenton  limestone  there  being 
the  higliest  rock  exposed  in  the  bluffs.  In  the  interior  of  the 
county  we  find  the  Galena  occupying  the  valley  of  the  Tur^ 
key  river,  extending  to  the  south  for  two  or  three  miles,  as 
far  as  the  line  of  bluffs  indicating  the  outcrop  of  the  Niagara, 
and  northward  over  nearly  the  whole  extent  of  the  county, 
excepting  a  narrow  belt  along  the  Mississippi  and  some  of 
its  smaller  tributaries  in  the  northeast  corner  of  the  county. 
The  region  occupied  by  it  is  chiefly  prairie,  with  a  good  soil. 
The  rocks  are  exposed  in  the  vallies  of  all  the  small  streams, 
furnishing  convenient  material  for.  building. 
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The  relations  of  the  Galena  limestone  to  the  Trenton  are 
well  exhibited  in  the  section  exposed  on  Turkey  river  at 
Elkader,  where  a  thickness  of  about  170  feet  maybe  en- 
mined.  At  the  level  of  the  river  at  the  bridge,  there  is  a 
thickness  of  ten  or  twelve  feet  of  thin  grey  layers,  wea- 
thering yellow  in  irregular  bands  and  patches,  and  containing 
an  abundance  of  Lepttena  sericeGy  Schizocrinus  nodosum,  Orlkis 
testudinaria  and  other  characteristic  Trenton  fossils,  and  nu- 
merous Receptactdites.  Above  this  are  found  a  succession  of 
greyish,  somewhat  crystalline,  limestones  which  are  quar- 
ried to  some  extent  for  building-stones.  These  beds  are  noi 
fossiliferous  so  far  as  observed,  although  not  exposed  in  their 
whole  thickness  at  any  one  point.  At  an  elevation  of  one 
hundred  and  twenty  to  one  hundred  and  thirty  feet,  the 
rock  is^thickbedded  and  crystalline,  and  resembles  in  cha- 
racter the  Galena  limestone,  as  usually  seen  in  the  lead  re- 
gion. This  is  succeeded  by  about  thirty  feet  of  a  compact 
grey  limestone,  tinged  with  blue  in  some  places,  which  is 
extensively  quarried  for  building,  and  seems  to  be  a  pretty 
good  rock  for  this  purpose.  The  layers  are  from  six  to  eight 
inches  thick,  and  are  separated  from  each  other  by  shaly 
partings,  which  contain  a  few  fossils,  among  which  are  LqrftfM 
sericeCj  L.  planumbona^  Orthis  n.&j^.^  0.  testudinaria,  O.di- 
quata^  Lingyla  quadrata  and  numerous  very  minute  joints  of 
crinoidal  colimms.  Thus  the  intermingling  of  Trenton  and 
Galena  fossils,  as  well  as  the  repetition  of  peculiar  litholo- 
gical  characters,  is  very  marked  at  this  locality.  Near  the 
north  line  of  the  county,  a  short  distance  north  o{  Monona, 
on  Suttle's  creek,  the  Galena  limestone  is  exposed  in  clife 
thirty  or  forty  feet  high.  The  layers  at  this  point  are  quite 
heavy,  varying  from  two  to  four  feet  in  thickness  :  tbenwi 
is  irregular  in  texture,  and  of  a  light  buff  color.  No  fossils 
were  observed  except  a  few  stems  of  crinoids  and  fragments 
of  Orthocerata.  This  rock  is  quarried  for  use  in  the  town  of 
Monona,  and  for  burning  into  lime.  In  this  direction,  this 
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ipvas  the  most  northerly  locality  at  which  the  Galena  lime- 
stone was  observed.  Numerous  diggings  for  lead  in  this  rock 
have  been  carried  on  in  this  county,  especially  in  the  neigh- 
borhood of  Buenavista  and  Gutenberg.  These  will  be  parti- 
cularly noticed  in  the  chapter  devoted  to  the  economical 
geology. 

The  Trenton  limestone  covers  but  a  small  extent  of  sur- 
face in  Clayton  county.  It  is  well  exposed,  however,  on  the 
Mississippi,  from  Gutenberg  northward  as  far  as  the  county 
line,  and,  in  occasional  patches,  for  a  distance  of  a  few  miles 
back  from  the  river.  At  Gutenberg  the  Trenton  limestone 
may  be  observed  resting  on  the  upper  sandstone,  which  dis- 
appears below  the  level  of  the  river  near  this  place.  The 
lower  beds,  of  which  about  forty  feet  are  exposed,  at  the 
south  end  of  the  blujff  near  the  mouth  of  Mineral  creek,  three 
miles  below  Gutenberg,  are  heavy-bedded,  and  are  made  up 
of  a  series  of  layers  of  a  bluish-grey,  argillaceous  limestone, 
weathering  of  a  buff  color.  These  layers  are  extensively 
quarried  for  building  purposes  and  for  lime,  and  furnish  a 
good  material  for  these  uses.  These  thicker  layers  are  suc- 
ceeded by  a  few  feet  of  thinbedded,  brittle,  light-grey  lime- 
stone, filled  with  the  usual  fossils  of  the  Trenton.  Above  these 
beds,  the  Galena  limestone  maybe  observed,  capping  the 
bluff,  with  a  thickness  of  over  one  hundred  feet.  About  two 
miles  north  of  Gutenberg  there  is  a  good  section  of  the  rocks 
exposed  along  the  line  of  the  road  leading  westward  from 
the  town.  In  a  distance  of  about  a  mile  we  attain  an  eleva- 
tion of  four  hundred  feet  above  the  river ;  of  this,  three 
hundred  and  fifty-six  feet  is  a  very  abrupt  rise,  and  the  rocks 
are  exposed  at  frequent  intervals  for  this  distance.  The  re- 
maining forty-four  feet  is  a  gradual  ascent,  due  chiefly  to  the 
superficial  detritus  and  soil.  Of  the  three  hundred  and  fifty- 
six  feet,  the  lower  fifty-seven  are  a  soft  white  sandstone 
which  is  overlaid  by  thin  shaly  blue  limestone,  succeeded 
by  thicker  bedded  bluish-grey  fossiliferous  layers,  the  whole 


302  GEOLOGY  OP  CLAYTON  COUNTY. 

thickness  referable  to  the  Trenton  being  a  little  over  one 
hundred  feet.  Above  this  there  is  about  two  hundred  feet  of 
the  Galena,  with  the  usual  characters  of  that  rock.  Through- 
out this  region  the  thicker  and  more  compact  layers  of  the 
Trenton  form  the  best  material  for  building  and  for  lime, 
which  can  be  obtained. 

The  rocks  beneath  the  Trenton  are  not  developed  in  this 
county  except  on  the  Mississippi  and  in  its  immediate  vi- 
cinity, and  they  have  already  been  sufficiently  noticed  in 
a  preceding  chapter  (  See  page  56). 


FAYETTE  CODNTf  • 

The  position  of  this  county  is  next  west  of  the  one  just 
noticed.  The  main  branch  of  Turkey  river  runs  through  its 
northeastern  corner;  and  the  south  fork,  with  numerous  small 
branches,  comes  in  from  the  western  side.  The  Volga  rises 
in  the  centre  of  the  county,  and  drains  the  larger  portion  of 
its  southern  two-thirds.  The  southwestern  corner  is  imper- 
fectly watered  by  small  affluents  of  the  Wapsipinicon.  The 
region  bordering  on  the  Turkey  is  very  broken,  and  is  well 
timbered.  The  southwestern  portion  is  high  prairie  land,  and 
as  yet  almost  entirely  uninhabited,  the  settlements  in  the 
county  being  thus  far  chiefly  confined  to  the  north  side  of 
a  diagonal  drawn  across  it  from  the  northwest  corner  to  the 
southeast. 

The  Niagara  limestone  occupies  about  five-sixths  of  the 
surface  of  Fayette.  It  is  well  exhibited  in  various  sections 
in  the  vicinity  of  West-Union,  on  Otter  creek,  and  on  Tur- 
key river,  at  Auburn  and  above  that  point.  On  Otter  creek, 
at  Wiley's  quarries,  a  thickness  of  one  hundred  and  thirty- 
five  feet  is  exposed,  resting  on  dark  blue  shales  which  appear 
to  belong  to  the  Hudson-river  group.  The  lower  layers  are 
somewhat  soft  and  irregularly  stratified,  resembling  the  Nia- 
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gara  as  seen  in  the  immediate  vicinity  of  the  Mississippi. 
Above  these  is  a  very  hard  and  almost  white  limestone,  dif- 
fering considerably  from  any  rock  seen  in  this  geological 
position  in  the  more  southern  portion  of  Iowa,  but  closely 
resembling  a  rock  of  the  same  age  on  the  northern  shore  of 
Lake  Michigan.  This  white  mass,  which  is  at  least  one  hun- 
dred feet  in  thickness,  is  capped  by  a  dark  buff  limestone, 
which  is  rather  argillaceous,  and  contains  numerous  minute 
crystals  of  calc.  spar  scattered  through  it.  It  forms  layers  of 
about  seven  inches  in  thickness;  and  as  it  splits  and  dresses 
pretty  well,  it  furnishes  a  tolerable  building-stone.  Above 
this  dark  limestone,  there  is  a  considerable  thickness  of  a 
hard  grey  limestone,  with  seams  of  calc.  spar  running  through 
it,  which  is  too  brittle  to  dress  well,  but  is  quarried  near 
West-Union  for  underpinning. 

Proceeding  from  West-Union  northwestwardly,  we  descend 
into  the  valley  of  Turkey  river.  Here  the  Niagara  limestone 
is  exposed,  and  appears  to  have  a  thickness  of  something 
over  two  hundred  and  fifty  feet.  At  Auburn,  the  lowest  rock 
seen  is  a  dark  bufif-colored,  arenaceous,  magnesian  limestone, 
which  crops  out  just  on  a  level  with  the  river.  Rising  above 
this,  we  observe  a  very  hard  dolomite,  which  is  compact  in 
its  texture  and  weathers  very  white  :  the  upper  portion  is 
of  a  light-grey  color,  and  very  compact  and  brittle.  Nowhere 
in  this  region  was  there  any  trace  of  organic  life  observed 
in  these  rocks.  Two  and  one-half  miles  south  of  Elgin,  how- 
ever, and  at  an  estimated  elevation  of  three  hundred  and  fifty 
feet  above  the  Turkey,  a  number  of  corals  were  collected, 
among  which  Syringopora  multicaulisj  Halysites  catenulatusy 
and  Heliolites  spinipora  were  recognized.  The  same  fossils 
were  collected  by  Mr.  HuNasBFOBi)  about  nine  miles  south  of 
Elgin,  on  the  head-waters  of  the  Volga. 

The  only  point  where  the  Hudson-river  group  was  noticed 
in  this  county  was  on  Otter  creek,  about  two  and  a  half  miles 
southeast  of  West-Union.  A  blue  shale  or  clay  makes  its 
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appearance  at  the  bottom  of  the  vallej,  although  no  good 
exposure  was  found.  A  small  fragment  was  found,  in  irhich 
LeptiBna  sericea  and  Orthis  occidentalis  were  observed. 

The  (xalena  limestone  appears  in  the  valley  of  the  Turkey, 
through  its  whole  length  in  this  county.  It  is  not,  however, 
the  lowest  rock  observed  there,  88  the  Trenton  may  be  seen 
underlying  it  at  various  points,  from  near  the  moutii  of  the 
Volga,  up  at  least  as  far  as  Fort  Atkinson.  At  Elgin,  the 
bluffs  on  the  north  side  of  the  river,  at  an  elevation  of  three 
hundred  feet,  and  a  distance  of  two  miles  from  the  stmni, 
exhibit  all  the  characters  of  the  Galena  limestone,  but  con- 
tain no  fossils,  as  far  as  could  be  ascertained,  from  whicii 
their  identity  with  this  formation  could  be  positively  assert^. 
In  the  notice  of  the  geology  of  Winnesheik  county,  some 
additional  remarks  will  be  made  on  the  position  of  therocb 
in  the  Turkey  valley,  and  especially  with  reference  to  the 
probable  existence  of  a  fault  along  the  course  of  this  river. 

The  Trenton  limestone  was  noticed  at  various  points  in 
the  valley  of  the  Turkey,  underlying  the  Galena,  and  being 
the  lowest  rock  exposed  in  this  county,  so  far  as  was  observed. 
At  Elgin,  near  the  mouth  of  Otter  creek,  and  for  some  dis- 
tance down  the  Turkey,  below  the  confluence  of  the  two 
streams,  the  Trenton  limestone  is  seen  at  the  level  of  tie 
river,  in  ledges  from  six  to  ten  feet  in  height.  The  rock 
is  a  thinbedded,  almost  shaly,  limestone,  portions  of  which 
are  quite  argillaceous,  containing  from  eight  to  ten  percent 
of  clayey  matter.  Some  of  the  layers  are  crowded  with  the 
-remains  of  trilobites,  almost  all  of  them  belonging  to  the 
species  of  Asaphus  (Isotelus)  described  by  Dr.  D.  P-Oirz^ 
from  this  locality,  under  the  name  of  A.  iowensiSy  a  species 
closely  resembling,  if  not  identical  with,  A.  gtgas.  Some  slabs 
were  obtained,  on  which  the  remains  of  perhaps  a  hundred 
individuals  might  be  distinguished ;  but  for  some  reason, 
only  the  tails  were  preserved,  and  not  a  single  specimen  ot 
the  entire  animal  was  obtained.  A  few  impressions  of  gwp* 
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tolites  were  noticed  at  this  locality,  this  being  the  only  place 
in  this  region  where  they  were  found  so  low  down  in  the 
geological  series. 

The  southwestern  portion  of  the  county  has  been  but 
little  explored,  as  it  is  still  unsettled  :  it  is  mostly  rolling 
prairie,  not  very  well  watered,  and  showing  but  few  outcrops 
of  rocks.  It  is  supposed  from  its  position,  and  from  what  is 
known  of  the  geology  of  the  adjacent  counties,  to  be  under- 
laid by  rocks  of  Hamilton  age,  the  space  occupied  by  the 
Niagara  limestone  narrowing  rapidly  towards  the  northwest. 

Near  the  western  edge  of  the  county,  on  Crane  creek,  at 
a  point  eleven  and  a  half  miles  below  Jacksonville,  Mr. 
HuNGEEFORD  obscrvcd  a  section  of  beds  which  appear  to  be- 
long to  the  Hamilton  group  :  the  section  is  as  follows  : 

5  .  Thin  shalj  beds,  same  as  No.  4 1  ft.  6  in. 

4.  Irregularly  stratified  beds,  of  a  somewhat  argillaceous 

magaesian  limestone 6  feet. 

3.  Light  yellowish-grej  hard  and  brittle  limestone     .     .     .  1  ft.  1  in. 

2.  Fossiliferous  band,  same  character  as  No.  1      .     .     .     .  6  inches. 

1.  Light-grey  limestone  ;  hard  but  not  brittle 2  ft.  2  in. 

To  level  of  Crane  creek,  rock  not  exposed 2  ft.  6  in. 

No.  4  is  a  peculiar  looking  buff-grey  magnesian  limestone, 
which  contains  about  seven  per  cent  of  insoluble  matter, 
mostly  clay.  It  is  shaded  with  concentric  bands  of  a  dark 
buff  color.  When  first  taken  from  the  quarry,  it  may  be  easily 
cut  with  a  knife,  but  it  grows  harder  on  exposure.  Bed  No. 
2  contains  a  small  Orthis  resembling  0.  elegantulay  and  an 
imperfect  Atrypa  like  A.  reticularis.  No.  1  also  contains 
Atrypa  reticularisy  of  which  well  characterized  specimens 
were  obtained  in  loose  fragments,  which  were  supposed  to 
be  from  this  bed. 
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HOWARD,  HITCBELL,  CHICKASAW,  AND  FLOTD  CtUniK. 

The  reconnoissance  of  the  district  comprised  in  these  h 
counties  was  made  by  Prof.  Hungerford  ;  and  the  following 
brief  notice  of  their  geology  is  derived  from  his  notes,  ai: 
from  the  examination  of  specimens  collected  by  him. 

This  region  is  drained  by  the  head- waters  of  the  Turkey. 
Wapsipinicon  and  Cedar  rivers.  The  Tm'key  heads  in  tie 
centre  of  Howard  county,  and  the  Upper  Iowa  pursoes  i 
winding   course   through  the  northern  tier  of  township, 
running  with  a  generally  eastern  direction.  The  south  fork  (^' 
the  Turkey,  or  Crane  creek  as  it  is  generally  called,  is  a  clear 
rapid  stream,  furnishing  good  water-power,  which  has  bees 
improved  at  several  points.  It  flows  through  the  centre  of 
Howard,  and  the  northeastern  corner  of  Chickasaw  coonty, 
pursuing  a   very  direct  southeasterly  course.  The  centrsl 
portion   of  Chickasaw,   and  the    borders  of  Howard  and 
Mitchell  are  imperfectly  drained  by  the  head-waters  of  tie 
Wapsipinicon,  which  flow  through  a  level  and  rather  marsbj 
region  ;  the  streams,  however,  through  this  low  country,  are 
quite  heavily  skirted  with  timber.  The  larger  portiofl  d 
Mitchell  and  Floyd,  as  also  of  Worth  and  Cerro-Gordo  coo- 
ties, is  drained  by  the  Cedar  and  its  branches,  ofyrinch 
Lime  and  Shellrock  creeks  are  the  most  important.  Tbe^ 
are  all  beautiful  and  rapid  streams,  skirted  with  timber  and 
furnishing  good  water-power  at  numerous  points.  There  ^ 
also  many  rock  exposures  in  the  banks  of  these  stream 
although  no  high  bluflfe  occur,  the  ledges  of  rock  not  usually 
exceeding  ten  or  twenty  feet  in  height.  The  region  betireei/ 
the  vallies  of  the  streams  is  mostly  gently  rolling  pra^r^^' 
destitute  of  timber,  which  is  almost  exclusively  conhed^ 
the  edges  of  the  streams  :  the  soil  is  usually  highly  fert  ^' 
The  settlements  are  chiefly  in  the  neighborhood  of  the  rivers, 
where  timber,  water-power,  and  building-materials^^^' 
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dant,  and  where  the  flourishing  condition  of  most  of  the 
to-wns,  which  have  only  been  very  recently  settled,  attests 
the  presence  of  an  industrious  population,  possessed  of  unu- 
sual advantages  of  position  and  soil. 

The  larger  portion  of  this  extensive  region,  which  em- 
braces over  3000  square  miles,  if  we  include  in  it  Worth  and 
Cerro-Gordo  counties,  appears  to  be  chiefly  underlaid  by 
rocks  of  the  Hamilton  group ;  which,  although  differing  con- 
siderably in  lithological  characters  at  various  exposures,  are  . 
still  characterized  by  the  same  fossils,  which  have  been  col- 
lected in  this  group  at  numerous  points  farther  south.  The 
details  of  some  of  the  sections  measured  by  Prof.  Hungerfobd 
are  as  follows  : 

In  passing  from  Jacksonville  to  Bradford,  in  Chickasaw 
county,  a  distance  of  eighteen  miles,  across  a  region  drained 
by  the  three  forks  of  the  Wapsipinicon,  not  a  single  expo- 
sure of  rock  was  found.  The  whole  district  is  one  vast  ex- 
panse of  low  level  prairie,  excepting  the  fringes  of  wood 
land  along  the  courses  of  the  streams. 

Near  the  east  bank  of  the  Cedar,  one  and  a  half  miles 
below  Bradford,  the  annexed  section  was  measured  at  the 
quarry  of  the  brothers  Layton  : 

Dark-gray  thick  shaly  limestone 7  feet. 

Buff-grey  crystalline  limestone  with  calcareous  spar  cavities,  5  inches. 

Light-grey,  fine-grained  limestone    .     • 9  inches. 

Hard,  dark-grey  shaly  limestone 8  inches. 

Hard,  dark-grey  limestone 7  inches. 

Unexposed 2  feet. 

Light,  buff-grey  limestone 1  ft.  8  in. 

The  limestones  exposed  at  this  quarry  are  of  medium 
purity,  and  mostly  quite  hard  :  they  are  entirely  destitute 
of  fossils,  so  far  as  observed. 
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In  passing  up  the  Cedar  river  to  St.  Charles,  on  the  west 
bank,  the  road  lies  over  a  rolling  prairie.  In  the  ridges  lime- 
stones occur,  as  is  shown  by  the  presence  of  occasional 
fragments  lying  on  the  surface,  or  perhaps  here  and  there  an 
imperfect  exposure.  The  beds,  as  observed,  are  mostly  shaly, 
and  singularly  devoid  of  fossils.  An  actual  river  section  seems 
necessary  to  the  determination  of  their  relations  to  each 
other. 

On  the  Cedar,  at  St.  Charles,  there  is  a  small  opening  in 
thin  beds  of  hard,  buff-colored  limestone.  Under  these  beds 
occurs  a  thick-bedded,  light-grey  limestone,  shading  off  into 
buff-grey  :  it  contains  numerous  concretions.  Both  the  upper 
and  lower  beds  contain  a  few  fossils,  all  of  which  are  in  a 
very  imperfect  condition,  so  that  only  one,  an  Atrypa  reticu- 
laris,  could  be  made  out.  There  were  a  few  fragments  of  corals 
obtained  here,  which  are  too  poorly  preserved  to  be  distinct- 
ly recognized. 

The  next  section  was  taken  at  a  quarry  three-fourths  of  a 
mile  above  St.  Charles,  on  the  west  side  of  the  river.  The 
beds  are  of  very  hard  limestone,  which  is  mostly  fine-grained 
and  rather  brittle  :  they  vary  in  thickness  from  four  inches 
to  one  foot ;  and  the  different  layers  resemble  each  other  so 
much  that  they  could  hardly  be  distinguished  in  hard  spe- 
cimens, especially  as  they  are  all  equally  unfossiliferous. 
The  whole  section  exposed  is  only  nine  feet  above  the  level 
of  the  dam  at  St.  Charles,  of  which  two  at  the  base  are  con- 
cealed by  detritus. 

The  court-house  at  St.  Charles  is  built  of  this  rock,  which 
is  a  good  material  for  building,  although  too  brittle  to  dress 
evenly  and  handsomely.  The  quarry  is  conveniently  situated 
for  use,  as  the  back-water  from  the  dam  sets  up  as  far  as 
that,  and  allows  the  blocks  to  be  rafted  down  to  the  town. 
The  beds  exposed  at  this  point  are  probably  a  little  higher 
in  the  series  than  those  of  the  section  at  St.  Charles ;  but, 
as  there  is  considerable  irregularity  in  the  dip  at  this  point, 
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this  could  not  be  determined  with  certainty.  At  the  quarry 
above  the  dam  the  dip  was  observed  to  be  10"*,  in  a  direction 
S.  25°  W. 

On  Lime  creek,  one  mile  above  Rockford,  the  annexed 
section  was  measured  : 

Soil,  &o 5  feet. 

Decomposed  limestone  detritus  with  numerous  fossils  ...     25  feet. 

Blue  clay  ( foot  of  precipitous  bluff,  one-eighth  of  a  mile  from 

Lime  creek) 20  feet. 

A  gently  inclining  surface,  mostly  unexposed,  with  buff  and 

white  striped  shaly  limestone  at  the  base 43  ft.  10  in. 

Unexposed 2  feet. 

Dark  colored,  hard  limestone 2  feet. 

White,  pure  limestone  with  shaly  structure 5  ft.  6  in. 

Hard,  buff  calcareous  sandstone,  with  Spirifer  .     •     .     •     .  2  ft.  8  in. 

Soft  ash-colored  calcareous  sandstone 1  ft.  3  in. 

Arenaceous  clay  shales 2  ft.  6  in. 

Beds  not  exposed  down  to  level  of  Lime  creek 3  feet. 

Entire  elevation 112  ft.  9  in. 

The  beds  represented  in  this  section  as  made  up  of  de- 
composing limestone  detritus,  underlaid  by  a  heavy  deposit 
of  clay,  form  the  abrupt  termination  of  one  of  the  highest 
ridges  in  this  region,  which  runs  up  from  the  southeast  to 
within  a  short  distance  of  Lime  creek. 

The  upper  bed  of  the  section  contains  an  abundance  of 
fossils,  which  are  washed  out  by  the  rain  from  the  decompo- 
sing rock.  Among  these  were  observed,  Atrypa  rugosa  or  spi- 
nosdy  A.  reticularis^  Orthis  one  or  two  new  species,  Spirifer 
n.sp.,  Strophomena,  and  a  few  Hamilton  corals  (  See  chapter 
on  PalaBontology). 

On  Shellrbck  creek,  at  Rockford,  the  exposures  of  the 
rocks  are  very  limited.  There  is  a  light  greyish  buff-colored 
stratum,  which  is  a  somewhat  argillaceous  dolomite,  but  ra- 
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ther  soft  and  worthless  for  building  purposes,  succeeded  by 
a  bed  of  a  slightly  darker  color,  but  of  essentially  the  same 
character.  These  beds  are  probably  lower  in  the  geological 
series  than  those  indicated  in  the  preceding  section. 

At  Shellrock  falls,  in  Cerro-Gordo  county,  about  thirteen 
miles  above  Rockford,  the  absence  of  fossils  in  the  beds  ex- 
posed renders  it  diflScult  to  assign  them  any  certain  place, 
although,  from  their  position,  they  may  be  supposed  to  belong 
to  the  upper  part  of  the  Hamilton  or  the  Chemung  group. 
They  consist  of  thinbedded  hard  and  rather  crystalline 
magnesian  limestones,  varying  in  color  from  light-grey  to 
almost  black.  The  exposure  of  the  rocks  at  this  locality 
is  good,  but  the  most  careful  search  failed  to  reveal  the 
presence  of  any  fossils.  The  lithological  character  of  the 
rocks  at  Shellrock  creek  and  falls  is  peculiar,  and  nothing 
exactly  like  it  has  been  observed  in  other  parts  of  the  State. 
They  are  all  highly  magnesian  but  not  pure  dolomites,  as 
they  contain  rather  more  lime  than  belongs  to  the  compo- 
sition of  the  double  carbonate  of  lime  and  magnesia.  The 
specimens  from  Shellrock  creek  have  a  considerable  resem- 
blance to  those  from  Cedar  falls,  which  are  referred  to  the 
Chemung  by  Mr.  Worthen,  with  some  doubt  as  to  their  real 
position,  since  they  are  quite  unfossiliferous.  The  beds  at 
Shellrock  falls  are  very  magnesian  limestones,  or  dolomites 
with  a  little  excess  of  lime,  and  are  remarkably  free  from 
silicious  and  argillaceous  substances.  One  specimen  analysed 
f5pom  this  locality,  contained  less  than  two  percent  of  impu- 
rities mixed  with  the  carbonate  of  lime  and  magnesia.  These 
beds  are  too  irregular  in  their  texture  for  good  building-stone, 
some  of  them  being  hard  and  brittle,  and  others  soft  and 
perishable.  They  are  valuable,  however,  for  lime,  and  some 
of  them  will  probably  furnish  good  hydraulic  cement. 

In  Mitchell  county,  about  one  and  a  half  miles  above 
Newburg,  on  the  Cedar,  there  is  a  tolerable  exposure  of  the 
rocks  where  the  following  section  was  observed  : 
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Crystalline  limestone,  sandy  at  the  bottom,  but  growing  more 

calcareous  towards  the  top 2  feet. 

Dark-grey  thinbedded  limestone 8  inches. 

Dark-grey  hard  and  brittle  limestones  in  heavy  layers,  varying 

from  8  inches  to  4  feet  in  thickness 13  ft.  4  in. 

Rock  not  exposed,  down  to  level  of  dam  at  Newbury  ...       2  ft.  6  in. 

Another  section  was  measured  at  Newburg,  the  base  of 
which  is  on  the  same  level  with  the  preceding  one ;  but  as 
there  is  little  agreement  in  their  details,  it  appears  that  the 
dip  of  the  strata  has  probably  carried  the  beds  of  the  upper 
one  below  those  of  the  lower. 

The  section  at  Newburg  is  as  follows  : 

Beds  of  detritus  with  Spirifer,  of  irregular  thickness. 

13.  Hard  brittle  light  greyish-yellow  magnesian  limestone    .       4  feet. 

12.  Unexposed * 4  feet. 

11.  Hard  light-grey  somewhat  crystalline  beds,  with  concre- 
tionary bands  of  darker  color     ., 8  feet. 

10.  Soft  sandy  beds  with  clay 2  ft.  8  in. 

9.  Hard  light-grey  silicious  limestone 1  ft.  3  in. 

8.  Hard  limestone  like  No.  9,  decomposing  into  a  sandy  rock,     10  inches. 

7,  6,  5,  4,  3,  2,  1.  Beds  of  hard  buflf-grey  limestone  varying 
from  4  to  14  inches  in  thickness,  and  in  various  stages 
of  decomposition 4  ft.  4  in. 

Unexposed,  to  level  of  river  at  Newburg 6  feet. 

In  this  section,  No.  11  and  No.  13  contain  Spirifer  closely 
resembling  S.  mucronatus  :  no  other  fossils  were  noticed. 

Prof.  HuNGERPORD  remarks  in  regp-rd  to  the  lithological  re- 
semblances of  the  rocks  of  thes^  two  sections,  that  there  is 
a  very  great  similarity  between  some  of  the  beds  of  the 
Newburg  section  and  those  noticed  on  the  borders  of  Win- 
nesheik  and  Chickasaw  counties,  near  the  road  from  Fort  At- 
kinson to  Jacksonville,  in  descending  the  high  ridge  towards 
the  Little  Turkey.  In  this  vicinity,  near  a  lime-kiln,  loose 
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masses  of  limestone  were  observed,  marked  by  concretionary 
lines,  and  having  that  peculiar  softness  and  fineness  of  grain 
which  was  noticed  above  as  belonging  to  bed  No.  11  of  the 
Newburg  section.  The  same  rock  is  seen  in  No."  4  of  the 
section  eleven  and  a  half  miles  below  Jacksonville  on  Crane 
creek. 


WINNE8HEIK  COUNTT. 

• 
This  county  lies  next  west  of  Alamakee,  and  directly  south 

of  the  Minnesota  line.  The  Upper  Iowa  river  runs  through 
its  northern  portion,  pursuing  a  southeast  course  from  the 
northwest  corner  of  the  county,  as  far  as  Decorah,  and  then 
bending  to  the  northeast,  and  keeping  that  direction  to  the 
eastern  line  of  the  county.  The  Turkey  river  and  numerous 
small  branches  of  it  drain  the  southwestern  part.  The  north- 
ern part  of  the  county  is  much  broken,  while  the  southern  is 
smoother  and  has  more  prairie.  The  valley  of  Turkey  river, 
in  the  portion  of  its  course  which  is  within  this  county,  is  a 
beautiful  farming  region,  having  a  wide  bottom,  bordered 
with  low  bluffs,  succeeded  by  rolling  prairie.  There  is  an 
abundance  of  timber  and  water  almost  everywhere  within 
the  limits  of  the  county. 

The  rocks  which  are  exposed  in  Winnesheik  county  are 
the  same  as  in  Alamakee,  namely  from  the  Lower  Sandstone 
as  far  up  in  the  series  as  the  lower  beds  of  the  Galena ;  al- 
though as  we  advance  in  a  northwesterly  direction  the  dis- 
tinction between  the  Trenton  and  Galena  is  no  longer  as 
marked,  either  by  lithological  or  palaaontological  characters, 
as  it  was  farther  to  the  southeast. 

The  Lower  Sandstone  occupies  but  a  very  limited  space, 
in  the  bed  of  Bear  creek  and  its  branches,  in  the  extreme 
northeastern  corner  of  the  county. 
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The  Lower  Magnesian  is  seen  on  Canoe  creek,  one  of  the 
branches  of  the  Upper  Iowa,  as  well  as  overlying  the  sand- 
stone in  Bear  creek.  It  covers  a  small  extent  of  surface  in 
the  region  between  these  two  streams.  As  seen  on  Canoe 
creek,  six  miles  north  of  Decorah,  it  is  a  hard  crystalline 
rock  of  a  light-grey  color,  having  a  peculiar  vitreous  lustre, 
due  to  its  finely  crystalline  granular  structure.  There  is  a 
section  of  about  thirty  or  forty  feet  exposed  at  this  point, 
and  the  same  rock  occurs  at  intervals  for  some  distance  up 
the  stream.  The  Upper  Sandstone  caps  the  bluffs  in  this  re- 
gion at  an  elevation  of  about  one  hundred  and  forty  feet  above 
the  stream. 

The  central  portion  of  the  county  is  chiefly  occupied  by 
the  Trenton  limestone,  which  gradually  passes  into  the  Ga- 
lena as  we  proceed  towards  the  southwest.  At  Decorah,  on  the 
Upper  Iowa  and  in  its  immediate  vicinity,  the  Trenton  is 
finely  displayed ;  this  rock  forming  the  whole  thickness  of 
the  ridges  and  bluffs  which  border  the  river  at  this  place. 
Near  the  town  the  rock  is  thinbedded  and  almost  shaly  :  it 
is  crowded  with  fossils,  which,  however,  have  not  weathered 
out  so  as  to  form  good  specimes.  There  is  a  thickness  of  one 
hundred  and  thirty  to  one  hundred  and  forty  feet  displayed 
in  the  bluffs  a  little  southwest  of  the  town,  where  the  rock 
is  a  pure  limestone  of  a  light-grey  color,  weathering  a  dirty 
blue,  and  crowded  with  fossils.  Of  the  ReceptacuUteSy  two 
species  occur  here  abundantly  in  the  upper  beds,  at  an  ele- 
vation of  from  one  hundred  to  one  hundred  and  thirty  feet 
above  the  river.  One  of  these  species  is  the  usual  one  of 
the  Galena  limestone  ;  the  other  is  apparently  identical  with 
the  fossil  described  by  Dr.  Owen  as  Selenoides  iowensis.  Be- 
sides this,  casts  of  Murchisonia  bellicincta  and  Maclurea 
magna  are  not  unfrequent  at  this  locality ;  also  Pleurotomaria 
lenticularis  and  Leptcena  sericea.  About  three  miles  north  of 
the  town,  near  a  small  creek  which  empties  into  the  Upper 
Iowa  at  Decorah,  there  are  good  exposures  of  the  Trenton, 
[Iowa  Suevby.]  40 
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where  the  beds  are  crowded  with  fossils,  although  they  do 
not  weather  out  distinctly  enough  to  be  of  much  value  as 
specimens.  Leptana  sericea^  and  a  small  Atrypa  resembling 
A.  modestay  are  the  most  common  fossils  at  this  locality.  At 
Calmar,  ten  miles  southwest  of  Decorah,  the  rocks  occupy- 
ing the  surface  are  evidently  the  lower  beds  of  the  Gralena. 
About  three-fourths  of  a  mile  from  the  town  there  is  a 
quarry  exposing  a  series  of  thinbedded,  bu£f-colored,  some- 
what arenaceous  limestones.  The  upper  beds  at  this  point 
are  shaly  and  exceedingly  cherty,  while  the  lower  ones  are 
thicker,  and,  when  not  weathered,  of  the  usual  bluish  color 
of  the  beds  of  the  Trenton  in  this  region. 

At  Fort  Atkinson  and  up  the  valley  of  the  Turkey,  the 
relations  of  the  Trenton  with  the  Galena  may  be  satisfacto- 
rily observed.  The  annexed  section  was  measured  by  Mr. 
HuNGBRFORD  ouc  mile  above  the  fort,  at  a  quarry  belonging  to 
Mr.  Charles  Clark. 

Light  bu£f-grej  shaly  limestone 10  foet. 

Buff  and  light-grey  limestone 4  ft.  9  inches. 

Heavy-bedded  blue  limestone 7  feet. 

Not  exposed  ;  to  level  of  river 20  feet. 

The  plateau  on  which  the  fort  stands  is  elevated  eighty- 
four  feet  above  the  river,  and  the  rock  is  exposed  along  its 
east  side,  where  it  has  been  quarried  for  building  and  for 
lime.  The  Gralena  limestone  was  traced  by  Prof.  Hungbrfobd 
for  a  distance  of  four  or  five  miles  up  Turkey  river  from  Fort 
Atkinson.  It  possesses  here  all  the  characteristic  features  of 
this  rock  as  exhibited  in  the  lead  region  :  its  color  is  the 
same,  and  it  weathers  in  the  same  irregular,  ragged  man- 
ner. The  characteristic  fossils  of  the  Galena  limestone,  es- 
pecially the  ReceptaculiteSy  were  also  observed  in  this  region. 
As  far  as  known,  no  lead  has  been  found  in  this  county.  At 
Ossian,  the  rocks  exposed  are  similar  in  character  to  those 
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noticed  above  as  occurring  at  Calmar.  In  fact,  the  elevated 
region  between  the  Turkey  and  Upper  Iowa  is  undoubtedly 
occupied  by  the  upper  beds  of  the  Trenton  and  the  lower 
ones  of  the  Galena  limestone. 

Proceeding  south westwardly  from  Fort  Atkinson,  we  find, 
in  the  extreme  southwest  corner  of  the  county,  an  elevated 
ridge,  running  parallel  with  the  course  of  the  Little  Turkey, 
in  which  no  rock  is  exposed ;  but  which,  from  its  position 
and  relation  to  the  rocks  known  to  exist  in  the  neighboring 
counties,  is  undoubtedly  the  outcrop  of  the  Niagara  limestone. 
In  descending  this  ridge  towards  the  west,  Mr.  Hungerford 
observed  loose  masses  of  thinbedded,  white,  crystalline- 
granular  limestone,  very  free  from  silicious  matter,  which 
appear  to  belong  to  the  Niagara  limestone,  although  exhibi- 
ting a  diflferent  lithological  character  from  that  displayed  by 
this  group  farther  to  the  southeast. 

The  outcrop  of  the  Niagara  limestone,  which  is  so  con- 
spicuous a  feature  in  the  topography  of  Dubuque  county, 
continues  to  be  equally  well  marked  through  Clayton.  It 
follows  the  line  of  Turkey  river,  keeping  at  a  distance  of 
from  two  to  five  miles  from  it,  and  forming  a  line  of  preci- 
pitous blufis  elevated  from  five  hundred  to  six  hundred  feet 
by  estimation,  above  the  level  of  the  valley.  No  indication 
of  the  existence  of  the  Niagara  beds  on  the  north  side  of  the 
river  has  been  detected,  the  highest  rock  exposed  being  the 
Hudson-river  shales,  in  the  vicinity  of  Garnavillo.  Passing 
from  Clayton  into  Fayette  county,  the  Niagara  bluJBfs  gra- 
dually lose  their  distinct  character,  the  line  of  outcrop  re- 
ceding somewhat  from  the  river  and  becoming  more  irregular. 
At  Elgin,  the  Trenton  beds  rise  a  few  feet  above  the  level 
of  the  water,  and  the  lithological  character  of  the  rock  in 
the  blufis,  at  an  elevation  of  three  hundred  feet,  on  the 
north  side  of  the  river,  would  indicate  that  it  belonged  to 
the  Galena  limestone,  in  which  case  this  rock  would  have  a 
thickness  at  least  equal  to  that  which  it  has  in  Dubuque 
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county.  The  bluffs  on  the  south  side  of  the  river,  which  are 
known  from  their  fossils  to  be  of  the  Niagara  age,  are  appa- 
rently not  much  higher  than  those  on  the  north,  which  would 
indicate  the  existence  of  a  fault  which  has  thrown  the  Nia- 
gara down  on  one  side  or  raised  the  Galena  on  the  other  to 
an  extent  of  two  or  three  hundred  feet.  The  same  conclusion 
may  be  drawn  from  the  sections  of  the  rocks  cropping  out 
in  the  valley  higher  up.  At  Elgin  we  have  the  Trenton  lime- 
stone exposed,  which  is  continuous  in  the  bed  of  the  stream 
from  Elkader  up  to  that  point.  Only  five  or  six  miles  up 
Otter  creek,  which  comes  into  the  Turkey  at  Elgin,  we  find 
the  Hudson-river  shales  at  the  level  of  the  stream,  near  the 
summit  at  the  base  of  the  bluff  at  Wiley's  quarry.  The  fall 
of  the  creek  in  this  distance  was  not  measured,  but  it  can 
hardly  exceed  fifty  feet ;  but  there  is  a  thickness  of  the 
Galena  limestone  equal  to  two  hundred  or  two  hundred  and 
fifty  feet,  which  should  have  occupied  this  space,  unless 
there  had  been  a  break  in  the  strata  to  nearly  that  amount. 
Again,  still  farther  up,  in  Winnesheik  county,  we  pass  from 
beds  of  undoubted  Galena  limestone  at  Fort  Atkinson  on  to 
those  which  appear  to  belong  to  the  Niagara,  in  descending 
the  river  a  few  miles  to  the  Old  Mission,  and  without  any 
perceptible  rise  to  indicate  the  existence  of  the  intermedi- 
ate Hudson-river  group,  as  would  be  the  case  were  there  no 
interruption  of  the  regular  stratification  of  the  rocks  in  this 
region.  The  rocks  seen  in  the  bed  of  the  south  fork  of  the 
Turkey  seem  also  to  belong  to  the  Niagara,  where  there  is 
a  thickness  of  over  two  hundred  and  fifty  feet  exposed.  Be- 
yond that  point,  towards  the  northwest,  the  Hamilton  group 
seems  to  widen  rapidly  at  the  expense  of  the  Niagara,  which 
latter  formation  is  reduced  within  very  narrow  limits  in  the 
northwest  corner  of  Fayette  county.  This  fact  would  indi- 
cate a  depression  of  this  region  to  the  southwest  of  the 
Turkey,  at  least  in  this  part  of  its  course,  previous  to  the 
deposition  of  the  strata  of  Hamilton  age.  Owing  to  the  fact 
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that  the  rocks  are  very  little  exposed  in  Howard  county, 
no  definite  information  was  obtained  as  to  the  outcrop  of  the 
Niagara  in  that  direction. 


ALAMAKEE  COUNTT. 

This  county  occupies  the  extreme  northeastern  corner  of  the 
State  ;  it  is  bounded  by  Winnesheik  on  the  west  and  Clayton 
county  on  the  south.  The  Mississippi  river  forms  its  eastern 
boundary.  The  Upper  Iowa  and  its  tributaries  water,  the 
northern  portion  of  the  county,  and  Paint  creek  and  Yellow 
river*  flow  through  the  two  southern  tier  of  townships  and 
empty  into  the  Mississippi.  The  surface  of  Alamakee  county 
is  considerably  broken,  and  the  rivers  have  cut  their  chan- 
nels deeply  into  the  rocks,  especially  the  Upper  Iowa,  which 
flows  through  a  narrow,  winding  valley,  which  might  almost 
be  called  a  gorge,  bordered  by  bluffs  which  have  an  elevation 
of  from  three  hundred  to  four  hundred  feet  above  the  stream. 
This  county  is  well  timbered,  on  the  whole,  although  por- 
tions of  it,  especially  on  the  elevated  ridges,  are  covered 
with  a  rather  scrubby  growth.  The  soil  is  usually  good,  es- 
pecially in  the  vallies  of  the  streams  :  on  the  elevated  ridges 
it  is  rather  less  desirable. 

The  rocks  exposed  in  this  county  include  all  of  the  series 
from  the  Potsdam  sandstone  up  to  the  lower  beds  of  the 
Galena  limestone,  which  latter  just  make  their  appearance 
on  the  surface  along  its  southern  edge.  At  the  mouth  of  the 
Upper  Iowa,  the  Potsdam  sandstone  is  well  exposed,  and 
thence  may  be  traced  for  a  considerable  distance  up  the 
stream,  occupying  the  bottom  of  the  valley.  It  dips  to  the 
south  and  disappears  beneath  the  surface  in  the  neighborhood 
of  McGregor ;  but  as  the  limit  between  the  upper  beds  of 
the  Potsdam  and  the  lowest  of  the  Lower  Magnesian  cannot 
be  exactly  drawn,  owing  to  the  gradual  passage  of  one  for- 
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mation  into  the  other  and  the  numerous  alternations  of  sand- 
stone and  limestone  along  the  lines  of  junction,  no  exact 
estimate  can  be  made  of  the  dip  in  this  region  ;  it  is  proba- 
bly not  far  from  ten  feet  per  mile.  The  sandstone  is  usually 
almost  a  pure  silicious  sand,  of  which  the  grains  are  rounded 
and  of  uniform  size,  and  held  together  with  no  more  than 
the  minutest  trace  of  calcareous  or  ferruginous  matter.  Some- 
times the  oxide  of  iron  is  in  suflScient  quantity  to  give  the 
rock  a  dark  brown  color;  but  even  then  it  is  but  trifling  in 
amount  compared  with  the  silicious  material,  hardly  ever 
exceeding  two  or  three  per  cent,  and  usually  much  less  than 
that. 

The  Lower  Magnesian  limestone  caps  the  bluffs  on  the 
Mississippi  river  from  the  north  line  of  the  State  as  far  down 
as  Yellow  river,  and  it  is  well  exposed  in  the  bluffs  of  the 
Upper  Iowa  and  its  tributaries.  The  annexed  section  on  Bear 
creek  near  New-Galena,  thirteen  miles  due  west  of  the  Mis- 
sissippi, shows  the  character  and  relations  of  this  rock  to 
the  over  and  underlying  sandstones. 

Soft  friable  red  sandstone 12  feet. 

White  cr3'stalline  dolomite,  partly  concealed,  but  showing 

itself  at  various  points 168  feet. 

Beds  of  passage  from  dolomite  to  sandstone 30  feet. 

White  sandstone,  to  level  of  Bear  creek 83  feet. 

The  base  of  the  section  is  occupied  by  eighty-three  feet 
of  a  soft  white  sandstone  :  this  is  succeeded  by  about  thirty 
feet  of  beds  of  passage,  or  sandstone  gradually  passing  into 
a  thinbedded  dolomite.  A  thickness  of  one  hundred  and 
sixty-eight  feet  of  the  Lower  Magnesian  limestone  overlies 
this  sandstone,  of  which  the  lower  one  hundred  and  fourteen 
feet  are  concealed  by  a  grassy  slope  :  the  upper  fifty-four 
feet  are  exposed  in  a  vertical  cliff  of  white  hard  dolomite, 
irregularly  stratified   and   somewhat   concretionary   in  its 


GBOLoar  OP  IOWA.  319 

structure.  Of  the  Upper  sandstone,  only  twelve  feet  are  here 
exhibited  :  it  is  a  friable  rock  of  a  red  color. 

In  the  immediate  ricinity  of  New-Galena,  the  bluffs  rise 
to  the  height  of  three  hundred  and  twenty  to  three  hundred 
and  thirty  feet  above  the  valley  of  Bear  creek.  The  sand- 
stone at  their  base  is  concealed  by  detritus,  but  the  Lower 
Magnesian  is  well  exposed  on  the  face  of  the  bluffs.  The 
Upper  sandstone  as  developed  in  this  vicinity,  occupying  the 
highest  ground,  is  not  a  granular  rock,  but  a  cherty  or  flinty 
mass,  differing  somewhat  in  its  character  at  this  point  from 
that  which  it  usually  exhibits. 

In  the  valley,  of  Mineral  creek,  extending  directly  south 
from  -New-Gralena  for  a  few  miles,  the  same  section  of  the 
rocks  is  displayed  as  on  Bear  creek,  except  that  the  Lower 
Magnesian  is  still  better  exposed,  and  exhibits  a  decided  con- 
cretionary and  brecciated  structure  through  a  considerable 
thickness.  Mining  operations  have  been  carried  on  here ;  for 
account  of  which,  see  chapter  on  Economical  Geology,  far- 
ther on. 

The  Yellow  river,  in  the  southern  tier  of  townships,  cuts 
into  the  Lower  Magnesian,  but  not  through  it.  At  Volney, 
this  rock  is  seen  rising  in  cliffs  from  the  bottom  of  the  valley 
to  the  height  of  thirty  or  forty  feet.  The  Upper  sandstone 
may  be  seen  cropping  out,  on  the  south  side  of  the  river, 
above  the  Lower  Magnesian.  On  rising  from  the  valley  of  the 
river  and  proceeding  north,  we  pass  successively  the  Upper 
sandstone  and  the  Trenton,  with  its  usual  fossiliferous  bluish- 
grey  layers,  and  find  a  few  thin  outliers  of  the  Galena  lime- 
stone. On  the  highest  points,  these,  however,  soon  disappear, 
and  the  Trenton  occupies  the  elevated  surface  of  the  country, 
through  the  centre  of  the  county,  over  a  space  of  some  ten 
or  twelve  miles  in  width.  This  rock  is  usually  concealed  by 
the  superficial  formations,  but  occasionally  crops  out  in  the 
vallies.  About  four  miles  south  of  Wakon,  a  well  was  ob- 
served on  the  prairie,  sunk  eighty-one  feet  in  depth,  chiefly 
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in  the  Trenton  limestone  :  the  rock  is  fine-grained,  and  of  a 
light  bluish-grey  color.  An  analysis  showed  that  it  consists 
almost  exclusively  of  carbonate  of  lime,  with  hardly  more 
than  one  per  cent  of  other  substances  intermixed  with  it. 
There  are  occasional  thin  layers  of  sandstone  near  the  base 
of  the  rock  at  this  locality.  The  same  rock  appears  in  the 
bed  of  the  creek,  one  of  the  head-waters  of  Paint  creek, 
two  miles  before  reaching  Wakon.  It  is  here  quarried  for 
lime  and  as  a  building-stone,  for  both  of  which  uses  the 
Trenton  limestone  in  this  region  is  well  adapted. 

A  few  remarks  on  the  geology  of  the  counties  lying  to 
the  northeast  of  Skunk  river,  whose  general  features  have 
been  briefly  noticed  in  the  preceding  pages,  may  here  be 
appended,  in  order  to  bring  out  more  closely  the  leading  facts 
which  the  geological  reconnoissance  has  developed. 

An  inspection  of  the  geological  map  will  show  that  the 
general  trend  of  the  formations  over  the  greater  part  of  the 
district  in  question,  which  comprises  an  area  of  from  15000 
to  20000  square  miles,  is  almost  exactly  northwest  and 
southeast,  or  in  the  same  same  direction  with  the  course  of 
the  streams,  which  are  very  nearly  parallel  with  each  other 
in  this  region.  Thus,  if  we  start  from  the  Des  Moines  river, 
and  proceed  northeastwardly,  we  shall  cross,  successively, 
a  great  number  of  the  principal  tributaries  of  the  Mississippi, 
and,  at  the  same  time,  shall  descend  in  the  geological  series 
from  the  Coal  measures  to  lower  and  lower  beds,  until  at  the 
northeastern  corner  of  the  State,  we  shall  reach  the  lowest 
member  of  the  fossiliferous  series.  If,  on  the  other  hand,  we 
were  to  start  from  the  Mississippi  river  and  go  northwest- 
wardly, we  should  hardly  cross  any  but  the  smaller  branches 
of  the  streams,  and  we  might  remain  upon  the  same  geolo- 
gical formation  until  we  reached  the  limit  of  the  State  in 
that  direction.  This  northwest  and  southeast  trend  of  the 
groups  is,  however,  not  perfectly  unbroken ;  the  most  im- 
portant exception  to  its  irregularity  being  the  gradual  bend- 
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ing  of  the  formations  more  to  the  north  as  they  approach 
the  north  line  of  the  State,  as  will  he  noticed  by  looking  at 
the  map.  This  fact  has  an  important  practical  bearing,  as  it 
results  in  bringing  the  Coal  measures  considerably  nearer  to 
the  Mississippi,  in  the  northern  section  of  the  State,  than 
they  would  be  if  the  strata  were  continued  with  the  same 
trend  from  one  end  of  the  State  to  the  other.  Although  no 
direct  observations  have  been  made  on  the  north  boundary 
of  the  State,  far  enough  west  to  strike  the  coal-bearing 
strata,  it  appears  hardly  to  be  doubted  that  they  must  reach 
it  near  the  head-waters  of  the  Des  Moines  river,  and  that 
they  occupy  a  more  or  less  extensive  tract  in  the  territory 
of  Minnesota.  Whether  the  coal-beds  are  suflBciently  de- 
veloped in  that  region  to  be  of  importance,  remains  yet  to  be 
seen  ;  and  this  point  will  be  one  of  the  first  for  examination 
during  the  future  prosecution  of  the  survey,  as  the  impor- 
tance of  coal  to  this  district  will  eventually  be  very  great. 

The  gradual  decrease  in  the  space  covered  by  some  of  the 
groups,  and  the  increase  of  others  as  we  proceed  westwardly, 
is  another  interesting  feature,  as  indicating  an  unequal  denu- 
dation or  deposition,  at  diflFerent  geological  periods.  Thus  the 
Niagara  limestone,  which  occupies  a  belt  thirty  or  forty 
miles  in  width  to  the  southwest  of  Dubuque,  has  become 
contracted,  on  the  borders  of  Winnesheik  and  Chickasaw 
counties,  into  a  narrow  space  of  three  or  four,  while  the  beds 
of  the  Hamilton  age  appear  to  extend  in  that  region  over  a 
district  nearly  a  hundred  miles  wide  from  east  to  west. 

The  accumulation  of  superficial  detritus  in  the  State  of 
Iowa  is  so  extensive,  over  a  larger  part  of  Us  surface,  that 
the  nature  of  the  underlying  rocky  strata  can  only  be  made 
out  in  the  beds  of  the  principal  streams,  and  the  lines  of 
junction  of  the  different  members  of  the  series  being  almost 
always  along  the  elevated  districts  between  the  water-courses, 
the  limits  of  the  groups  drawn  upon  the  map  must  be  con- 
sidered as,  at  best,  only  approximations.  The  outcrop  of  th^ 
[Iowa  Survey*]  41 
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Niagara  limestone,  however,  owing  to  its  peculiar  lithologi- 
cal  relations  to  the  shales  of  the  Hudson-river  group  below 
it,  form  a  very  marked  feature  of  the  topography  of  the  re- 
gion, and  might  be  designated  with  great  accuracy  on  a  good 
topographical  map,  if  any  such  existed. 

The  Hudson-river  group  is  so  liable  to  crumble  away  and 
become  covered  with  vegetation,  that  it  is  only  very  rarely 
that  a  natural  section  of  it  can  be  found.  When  well  exposed 
by  artificial  excavations,  as  near  Dubuque,  a  good  idea  of  its 
relations  to  the  adjacent  strata  may  be  obtained  :  farther  to 
the  northwest,  however,  but  little  evidence  of  its  existence 
was  procured  ;  although  there  is  good  reason  to  believe  that 
it  continues  its  course  up  to,  and  beyond,  the  State  line. 

The  eastern  limits  of  the  coal-bearing  strata  of  Iowa,  and 
the  exact  amount  of  space  occupied  by  the  Carboniferous 
limestones,  in  the  central  counties  of  the  State,  are  points 
which  still  remain  unsettled,  and  which  are  likely  to  con- 
tinue so  for  some  time,  although  the  importance  of  as  pre- 
cise a  limitation  of  the  outcrop  of  the  Coal  measures  as 
possible  will  be  readily  acknowledged.  The  accumulations  of 
soil  and  drift  over  the  whole  of  the  region  between  the  Cedar 
and  the  Des  Moines  are  so  great,  that  a  distance  of  fifty 
miles  may  frequently  be  gone  over  without  the  sight  of  a 
single  outcrop  of  rock.  It  is  not  unlikely  that  artificial  ex- 
cavations, such  as  wells  or  borings  for  coal,  will  throw  some 
light  on  the  geology  of  those  counties,  where  natural  expo- 
sures of  rock  are  almost  unknown.  The  lines  indicating  the 
eastern  boundary  of  the  coal  was  extended  by  Dr.  Owen  over 
a  considerable  area  in  Keokuk,  Iowa,  Powesheik,,Tama  and 
Marshall  counties,  which  on  our  map  is  assigned  to  the  Car- 
boniferous limestone  and  other  groups  lower  than  the  Coal 
measures,"  chiefly,  as  near  as  can  be  made  out,  to  embrace 
the  patches  of  sandstone  lying  on  the  Iowa  river  near  the 
borders  of  Johnson  and  Iowa  counties,  there  being  no  out- 
crop of  rock  visible  for  a  distance  of  fifty  mil  .s  to  the  west. 
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On  the  map  accompanying  this  report,  the  line  of  the  Coal 
measures  has  been  placed  considerably  farther  west,  as  be- 
ing more  in  harmony  with  the  general  trend  of  the  forma- 
tions through  the  State.  Still,  the  facts  already  collected  in 
the  progress  of  the  survey  show  that  numerous  isolated 
patches  of  coal  exist  beyond  the  borders  of  the  main  basin 
of  the  Coal  measures,  resting  not  only  on  the  Carboniferous 
limestone,  but  on  strata  of  Hamilton,  and  even  of  Silurian 
age.  A  very  considerable  proportion  of  the  space  between 
the  Iowa  and  Skunk  rivers  may  be  in  reality  covered  by 
these  outliers  of  coal,  some  of  which  will  in  all  probability 
be  hereafter  discovered,  and  perhaps  worked.  It  must,  how- 
ever, be  borne  in  mind  that  these  small  patches,  in  this  po- 
sition, usually  contain  beds  which  are  thinner  and  of  poorer 
quality  than  those  which  belong  to  the  main  basin ;  so  that 
explorations  over  this  doubtful  district  must  be  conducted 
with  caution,  as  the  coal,  even  if  discovered,  may  not  be 
sufficiently  good  to  pay  for  working,  especially  if  any  con- 
siderable amount  of  capital  is  to  be  invested  in  sinking  shafts 
or  making  preliminary  explorations.  The  quality  of  the  coal 
in  the  State,  so  far  as  has  as  yet  been  ascertained,  improves 
decidedly  towards  the  southwest,  or  in  the  direction  of  the 
centre  of  the  basin. 

The  surface  geology,  or  the  study  of  the  nature  and  dis- 
tribution of  the  loose  materials  or  superficial  detritus,  com- 
monly called  drift  and  alluvium,  over  the  surface,  forms  one 
of  the  most  important  subjects  for  investigation  falling  within 
the  scope  of  the  geological  survey  of  any  region,  and  espe- 
cially in  Iowa,  where  these  transported  materials  are  de- 
veloped to  such  a  thickness  and  spread  so  universally  over 
the  country.  This  subject,  in  its  relations  to  agriculture,  will 
form  an  important  topic  for  consideration  in  a  future  report, 
when  a  larger  part  of  the  surface  of  the  State  has  been  ex- 
amined, and  the  numerous  facts  already  and  hereafter  to  be 
obtained  have  been  collated. 


CHAPTER  VII. 
CHEMISTRY  MD  ECONOMICAL  GEOLOGY. 


Grencral  Remarks  on  the  Study  of  the  Chemical  Composition  and  Lithological  Character 
of  Rocks ;  in  connection  with  their  palaeontology — Chemical  Composition  of  the  Prin- 
cipal Rocka  of  Iowa,  with  I^otices  of  their  range,  extent,  pecnllarities  of  lithological 
character,  and  the  mineral  substances  accidentally  present  in  them  —  Potsdam  or 
Lower  Sandstone — Lower  Magnesian  Limestone — Upper  Sandstone — Trenton  Lime- 
stone—-Galena  Limestone — ^Hudson-River  group — ^Niagara  Limestone — Groups  nit«r- 
mediate  between  the  Niagara  and  Hamilton — Hamilton  group — Chemung  group — 
Carboniferous  Limestones  —  Coal  Measures  —  Greneral  Considerations  —  Economical 
Applications  of  the  limestones  :  Lime;  Hydraulic  Cement — ^Non-metallic  Minerals  of 
economical  value —  Coal,  its  distribution  in  the  Eastern  Half  of  the  State;  Chemical 
Composition  :  General  Remarks  on  mode  of  working — Fire-clay — Gypsum — ^Metallic 
Ores  in  the  various  groups — Iron  in  Coal  measures;  in  Niagara  limestone;  in  Lower 
groups  —  Lead  Ore;  in  the  Niagara ;  in  the  Galena  limestone  —  General  Remarks  on 
the  mode  of  occurrence  of  ores  in  the  unaltered  sedimentary  rocks  —  Notice  of 
extent  of  Lead  deposits  in  the  Northwest  —  Particular  Description  of  Workings  in 
Iowa — ^Theory  of  Deposition  of  Lead — Statistics  of  Production  of  the  Iowa  Mines- 
Zinc  Ores;  their  mode  of  occurrence  :  prospects  of  successful  working. 

The  vast  basin  of  the  Northwest,  with  its  magnificent  ex- 
panse of  unaltered  sedimentary  rocks,  offers  a  fine  field  for 
the  study  of  the  conditions  which  have  determined  the  de- 
position of  stratified  masses,  and  their  variations  in  chemical 
composition  and  mechanical  aggregation.  The  intimate  re- 
lations between  these  conditions  and  the  physical  character 
of  the  surface  over  which  they  prevailed,  and  the  all-impor- 
tant influence  which  they  must  have  exerted  on  the  deve- 
lopment of  that  organic  life,  whose  remains  often  constitute 
so  large  a  portion  of  the  rocks  themselves,  give  to  this  sub- 
ject a  peculiar  interest. 
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The  questions,  what  was  the  origin  of  the  immense  mass 
of  material  forming  these  widely-spread  and  uniformly  con- 
stituted beds  of  rock,  with  their  abrupt  and  simultaneous 
transitions  of  lithological  character  over  so  extensive  a  space; 
by  what  forces  and  under  what  conditions  they  were  brought 
into  their  present  situation  ;  and  what  were  the  relations  of 
their  conditions  to  the  structure  of  the  various  races  of  or- 
ganized beings  which  inhabited  the  region,  while  the  diffe- 
rent groups  of  strata  were  successively  accumulating  :  these 
questions  are  among  the  most  important  which  can  be  in- 
vestigated by  the  geologist,  and,  also,  it  must  be  confessed, 
among  those  which  can  be  least  satisfactorily  answered. 

Among  the  reasons  which  have  retarded  the  progress  of 
this  branch  of  geological  study,  are  to  be  mentioned,  first, 
the  want  of  accurate  observations  on  the  range  of  specie.s, 
with  reference  to  the  change  in  the  lithological  character  of 
the  rocks  in  which  they  are  imbedded ;  and,  secondly  and 
most  especially,  an  insufficient  knowledge  of  the  condi- 
tions and  distribution  of  life  beneath  the  waters  of  the 
ocean,  and  how  far  such  distribution  is  affected  by  the 
changes  of  temperature,  pressure,  presence  of  foreign  sub- 
stances accidentally  intermingled,  etc.  The  researches  of 
Edwabd  Forbes  have,  it  is  true,  thrown  much  light  on  this 
branch  of  the  subject ;  but  there  is  no  field  more  inviting, 
even  now,  than  this ;  and  zoologists  have  it  in  their  power 
to  advance  geological  science  wonderfully,  by  making  these 
subjects  more  especially  the  objects  of  their  investigations. 

In  studying  the  chemical  composition  of  the  more  impor- 
tant varieties  of  rocks  existing  in  Iowa,  while  reference  has 
been  constantly  had  to  the  economical  bearing  of  the  infor- 
mation thus  obtained,  we  have  also  endeavored  to  throw 
some  light  on  the  theoretically  interesting  subjects  suggested 
in  the  preceding  paragraphs,  and  to  answer,  even  if  only 
partially  and  imperfectly,  the  question.  What  were  the 
changes  of  physical  condition  which  have  determined  the 
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corresponding  changes  of  mechanical  aggregation  and  che- 
mical composition  in  the  unaltered  sedimentary  strata  of  the 
vast  region  lying  to  the  south  of  the  great  lakes  and  in  the 
valley  of  the  Mississippi  ? 

In  speaking  of  the  sedimentary  rocks  of  the  great  basin 
of  the  Northwest  as  "  unaltered'',  it  is  proper  to  make  a 
reservation.  It  is  not  intended  to  imply,  by  the  use  of  this 
term,  that  the  strata  in  question  still  exhibit  precisely  the 
same  conditions  of  structure  and  chemical  composition  which 
they  possessed  at  the  epoch  of  their  deposition.  It  is,  on  the 
contrary,  highly  probable,  and  in  some  cases  certain,  that 
considerable  changes  have  taken  place  in  this  respect ;  but 
the  agencies  by  which  these  changes  have  been  procured 
have  not  been  of  such  a  nature,  or  so  general  in  their  action, 
as  to  have  entirely  obliterated  the  original  character  of  the 
strata,  and  brought  them  into  the  condition  of  "  metaraorphic 
rocks",  as  that  term  is  generally  understood  by  geologists. 
More  especially  are  all  traces  of  metamorphism  by  igneous 
agencies  entirely  wanting,  at  least  so  far  as  the  actual  pre- 
sence of  masses  of  eruptive  or  igneous  origin,  any  where  in 
the  region  in  question,  is  concerned,  at  any  period  later  than 
that  of  the  deposition  of  the  earliest  sedimentary  strata.  On 
the  northern  borders  of  the  basin  there  was,  during  a  cer- 
tain length  of  time  after  the  first  appearance  of  organic  life 
in  the  region,  a  vigorous  display  of  igneous  phenomena,  by 
which  the  character  of  the  detrital  deposits  were  greatly 
influenced ;  but  this  action  gradually  became  less  marked, 
and  finally  ceased  altogether  before  the  close  of  the  Lower 
Silurian  period ;  nor  was  its  influence  felt  at  any  time  over 
more  than  a  small  portion  of  the  northwestern  basin.  We 
have,  therefore,  in  this  region  a  better  opportunity  than  is, 
perhaps,  offered  in  any  part  of  the  country,  of  studying  the 
the  whole  series  of  palaeozoic  rocks,  where  it  has  been  least 
subjected  to  such  disturbances  as  might  lead  to  any  misappre- 
hensions in  regard  to  the  order  of  succession  of  its  fossil 
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remains,  and  where  the  connection  of  lithological  with  pa- 
laeontological  characters  is  least  obscured  by  changes  which 
the  rocks  have  undergone  subsequently  to  their  deposition. 

For  the  purposes  of  the  present  chapter,  the  rocks  of  the 
region  in  question  will  be  taken  up  consecutively,  in  chro- 
nological order,  beginning  with  the  lowest,  or  first  deposited, 
group,  and  ascending  in  the  geological  series.  After  thus  no- 
ticing the  chemical  composition  and  lithological  peculiarities 
of  each  set  of  beds,  as  displayed  in  the  valley  of  the  Upper 
Mississippi,  and  especially  within  the  limits  of  Iowa,  some 
general  remarks  will  be  added  as  to  the  relations  of  one 
group  to  another,  and  the  probable  difference  of  physical 
conditions  during  their  deposition. 

The  basin  on  which  all  the  palaBOZoic  rocks  of  the  North- 
west have  been  accumulated  is  the  azoic  series,  whose  cha- 
racters may  be  studied  conveniently  on  the  northern  border 
of  the  basin  of  the  Great  Lakes  in  Canada,  and  on  the  south 
shore  of  Lake  Superior,  where  it  is  developed  on  a  grand 
scale.  It  is  made  up  of  slates,  quartz-rock,  and  occasional 
belts  of  saccharoidal  limestone  with  numerous  intercalated 
masses  of  trappean  rock,  the  whole  in  a  highly  crystalline 
state,  and,  so  far  as  is  yet  known,  absolutely  destitute  of 
every  trace  of  organic  life,  and  presenting  in  its  stratigra- 
phical  position  the  evidence  of  having  originated  during  a 
period  of  disturbance  and  powerful  igneous  action.  The  line 
which  is  drawn  between  the  azoic  series  and  the  palaeozoic, 
in  this  region,  is  a  strongly  marked  one,  and  indicates  the 
most  striking  difference  in  the  physical  conditions  prevailing 
at  the  time  of  the  deposition  of  the  rocks  which  make  up 
the  two  sets  of  strata. 
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POTSDAM,  OR  INFERIOR  SANDSTONE. 

The  extent  of  country  covered  by  this  rock  is  very  con- 
siderable, especially  within  the  limits  of  Wisconsin,  where 
it  occupies  a  broad  belt,  extending  entirely  around  the  azoic, 
and  spreading  out  to  the  south  and  west  of  that  central  nu- 
cleus over  a  space  of  from  fifty  to  sixty  miles  in  width.  In 
Iowa,  the  region  covered  by  it  is  limited  to  a  small  part  of 
the  northeastern  corner  of  the  State.  The  entire  thicknsss 
of  this  subdivision  of  the  series  is  quite  variable,  and  cannot 
be  exactly  stated,  as  the  passage  of  the  sandstone  into  the 
overlying  limestone  (the  Lower  Magnesian^  or  Calciferous 
of  the  N.  T.  geologists  )  is  effected  by  numerous  repetitions 
and  alternations  of  the  two  rocks,  giving  rise  to  a  series  of 
beds  along  the  line  of  junction,  which  from  their  chemical 
composition  might  as  well  be  reckoned  to  one  rock  as  the 
other.  We  have  no  evidence  of  a  thickness,  at  any  point 
away  from  the  influence  of  the  igneous  rocks,  exceeding 
four  hundred  feet,  and  probably  the  mean  thickness  of  the 
purely  silicious  strata  does  not  vary  much  from  two  hundred 
and  fifty  feet.  This  is  about  the  thickness  which  it  has  in 
Canada  and  in  the  State  of  New- York. 

In  its  normal  condition,  this  sandstone  is  an  almost  che- 
mically pure  silicious  mass,  containing  only  one  or  two-tenths 
of  a  per  cent  of  other  substances  besides  silica,  oxide  of  iron 
usually  predominating  among  the  accidental  ingredients. 
The  silica  is  almost  invariably  in  the  form  of  nearly  sphe- 
rical grains,  of  the  size  of  a  large  pin's  head,  sometimes 
showing  crystalline  facets,  but  not  well  developed  ones.  These 
grains  seem  to  be  held  together  with  the  minutest  possible 
quantity  of  a  calcareous  ferruginous  cement.  When  this  is 
wanting,  the  mass  is  friable,  and  crumbles  so  readily  under 
the  fingers,  that  it  is  with  difficulty  that  specimens  can  be 
preserved.  Sometimes   the  sandstone  has  a  concretionary 
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structure,  which  is  not  visible  except  upon  the  weathered 
surfaces,  which  then  assume  botryoidal  forms  :  this,  however, 
is  not  a  common  occurrence.  The  sandstone  is  frequently 
tinged  by  oxide  of  iron,  which  gives  it  a  dark  color  and  ce- 
ments it  into  a  firm  mass,  even  when  present  in  minute 
quantity.  When  the  ferruginous  matter  is  abundant,  it  col- 
lects in  nodules  and  stalactitic  masses,  apparently  the  result 
of  infiltration  after  the  deposition  of  the  strata  in  which  it 
occurs. 

Among  th^  most  important  characteristics  of  the  Lower 
sandstone,  may  be  noticed  its  very  great  freedom  from  ar- 
gillaceous substances  :  shaly  bands  and  intercalations  of 
clayey  matter  are  almost  unknown  throughout  the  rock^  and 
up  to  the  summit  of  the  overlying  limestone.  There  are  oc- 
casional thin  layers  of  greenish,  soft  material,  which  might 
at  first  sight  be  supposed  to  be  quite  argillaceous ;  but  che- 
mical analysis  shows  that  they  are,  on  the  contrary,  almost 
purely  calcareo-magnesian  :  they  seem  to  be  the  result  of 
trituration  of  the  calcareous  layers.  In  this  connection  it 
may  be  mentioned,  that  there  is  no  purely  calcareous  matter 
in  the  series  until  we  reach  the  middle  beds  of  the  Blue  or 
Trenton  limestone ;  all  the  limestones  of  the  lowest  groups, 
whether  they  form  thin  bands  in  the  sandstone,  or  the  great 
mass  of  the  Lower  Magnesian,  being  true  dolomites,  and 
containing,  in  every  instance  in  which  they  have  been  che- 
mically examined,  almost  exactly  one  atom  of  carbonate  of 
lime  to  one  of  carbonate  of  magnesia.  It  may  also  be  re- 
marked, that  with  the  exception  of  the  thin  pulverulent 
layers  before  noticed,  the  dolomitic  strata  are  uniformly  quite 
crystalline  in  their  structure.  Towards  the  base  of  the  Lower 
Magnesias,  the  occurrence  of  bands  having  an  oolitic  struc- 
ture is  not  uncommon.  These  bands  consist  of  spherical 
particles  of  soft  calcareous  matter,  having  evidently  a  con- 
cretionary structure,  and  surrounded  by  an  amorphous  or 
finely  crystalline  mass  of  silicious  material ;  as  if  the  cal- 
[Iowa  Subvxt.]  42 
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careous  matter  had  separated  itself,  or  segregated  out,  in  the 
midst  of  a  silicious  magma. 

One  of  the  most  interesting  facts  in  relation  to  the  Lower 
sandstone  is  the  entire,  or  almost  entire,  absence  of  conglo- 
merate bands,  or  layers  of  sandstone  containing  pebbles  or 
rolled  masses  of  either  quartz  or  any  other  material.  In  the 
vicinity  of  the  trappean  ranges  of  Lake  Superior,  such  con- 
glomerate bands  form  an  important  portion  of  the  Lower 
sandstone  series ;  but,  as  we  recede  from  the  trap,  they 
soon  disappear,  and  throughout  the  whole  region  occupied  by 
this  rock  we  have  never  yet  observed  a  distinctly  marked 
bed  of  heterogeneous  water- worn  materials.  Another  marked 
feature  of  the  sandstone,  in  its  normal  state,  is  the  compa- 
rative rarity  of  the  lines  of  oblique  deposition,  lamination, 
or  cross-stratifiction,  which  indicate  the  existence  of  shifting 
currents  and  shoal  water  at  the  time  of  the  deposition  of 
the  beds  thus  marked.  The  influence  of  the  igneous  rocks 
in  giving  rise  to  these  movements  of  the  medium  in  which 
the  sandstone  was  depositing,  seems  to  be  indicated  by  the 
much  greater  frequency  of  these  indications  of  disturbance 
in  their  vicinity. 

In  general,  the  sandstone  is  extremely  deficient  in  organic 
remains  :  none  have  been  found  within  the  limits  of  the 
State  of  Iowa,  so  far  as  we  know ;  but  there  are  localities, 
in  Wisconsin  and  Minnesota,  where,  within  a  limited  space, 
the  beds  of  rock  are  crowded  with  the  remains  of  a  former 
existence.  These  localities  are  all  on,  or  near,  the  borders  of 
the  sandstone  towards  the  north,  or  in  close  juxtaposition 
with  the  underlying  azoic  rocks.  The  strata  which  contain 
the  Lingula  in  such  abundance,  on  the  St.Croix  river,  con- 
sist of  a  ferruginous  sandstone,  mixed  with  a  considerable 
amount  of  calcareous  and  magnesian  carbonates.  The  man- 
ner in  which  the  fossils  are  crowded  together  at  this  point 
indicates  the  prevalence  over  il  very  limited  area,  and,  per- 
haps, during  a  comparatively  short  proportion  of  the  whole 
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time  of  deposition  of  the  Bandstone,  of  conditions  highly 
favorable  to  the  development  of  organic  life. 

The  accidental  minerals  accompanying  the  sandstone  are 
very  few  in  number,  and  none  are  of  any  economical  impor- 
tance. Oxide  of  iron,  or  hematite,  is  occasionally  present  in 
small  nodules,  or  minutely  difiEused  through  the  mass,  tinging 
it  of  various  shades  of  yellow  and  brown,  according  to  the 
quantity.  There  are  no  geodes  of  quartz  crystals,  or  crystal- 
lized calcareous  spar.  Traces  of  carbonate  of  copper,  staining 
the  sandstone,  have  been  occasionally  noticed,  but  nowhere 
in  the  undisturbed  district  in  quantity  sufficient  to  be  worthy 
of  notice.  The  mineralizing  effect  of  the  trappean  ranges  on 
this  rock,  as  exhibited  in  the  Lake  Superior  region,  extends 
but  to  a  short  distance,  especially  on  the  south  side  of  the 
axis  of  elevation.  In  that  district,  the  metalliferous  veins 
pass  through  the  trappean  beds  into  those  of  conglomerate 
and  sandstone,  and  are  sometimes  developed  for  a  conside- 
rable length  in  the  sedimentary  rocks ;  but  the  profitable 
workings  have,  thus  far,  been  entirely  confined  to  the  trap, 
no  mine  having  been  found  remunerative  in  the  sandstone. 

The  agricultural  character  impressed  by  the  sandstone  on 
the  region  which  it  covers,  would  be  one  of  great  sterility, 
were  not  the  accumulations  of  northern  drift  over  so  large  a 
part  of  the  region  occupied  by  this  rock  so  considerable  as 
to  mask  the  character  of  the  underlying  strata.  Still,  the 
sandy  character  of  the  soil  shows  itself  in  the  extent  of  the 
pine  region  of  Wisconsin.  In  Iowa  the  surface  covered  by 
this  rock  is  so  small  that  .its  influence  on  the  soil  is  hardly 
perceptible,  although  a  portion  of  the  silicious  matter  of  the 
drift  spread  over  the  State  undoubtedly  had  its  origin  in  the 
denudation  of  beds  of  the  Lower  sandstone. 
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LOWER  MAGNESIAN  LIMESTONE, 

{or''  Calciferaus  Sandttont "  of  the  New-York  ReporU, ) 

The  great  dolomitic  mass  which  overlies  the  Lower  Mag- 
nesian  in  the  valley  of  the  Mississippi,  is  known  throughout 
that  region  as  the  "  Lower  Magnesian  limestone".  The  term 
"  Calciferous  sandstone",  which  has  been  given  to  the  rock 
succeeding  the  Potsdam  sandstone  of  the  N.  T.  geologists, 
however  applicable  to  this  formation,  as  it  is  developed  far- 
ther east,  cannot  properly  be  used  to  designate  the  parallel 
group  at  the  west,  since  the  rock  is  remarkable  as  being, 
throughout  nearly  its  whole  thickness,  an  almost  chemically 
pure  dolomite. 

The  extent  of  this  rock  on  the  surface  is  by  no  meabs  as 
great  as  that  of  the  sandstone  which  underlies  it.  It  forms 
a  narrow  belt,  in  Wisconsin,  surrounding  the  sandstotie,  and 
gradually  becoming  a  more  conspicuous  member  of  the  series 
as  it  sweeps  round  to  tiie  west,  and  forms  the  bluffs  which 
overhang  the  Mississippi  from  Prairie  du  Chien,  far  up  the 
St.  Croix.  The  undulations  of  the  strata  bring  the  Lower 
Magnesian  to  the  surface  in  many  vallies  in  the  Wisconsin 
lead  region,  where  the  Galena  or  the  Blue  limestones  occupy 
the  elevated  prairie.  It  is  exposed  on  the  Platte,  Grant, 
Peccatonica  and  Sugar  rivers,  through  a  very  considerable 
part  of  the  course  of  those  streams.  Within  the  limits  of 
Iowa,  the  Lower  Magnesian  is  most  conspicuous  along  the 
Upper  Iowa  river  :  it  also  crops  out  in  the  vallies  of  Paint 
creek  and  Yellow  river,  but  the  amount  of  surface  covered 
by  it  is  quite  small. 

The  thickness  of  the  Lower  Magnesian,  as  near  b^  cah  be 
determined,  is  about  the  same  as  that  of  the  Lower  isandstone. 
At  Prairie  du  Chien  there  are  over  two  hundred  and  twenty 
feet  of  exposed ;  but  the  lowest  beds  are  not  observed.  On 
a  branch  of  the  Upper  Iowa,  near  New-Galena,  there  is  a 
thickness  of  one  hundred  and  ninety-eight  feet  of  pure  do- 
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lomite,  and  thirty  feet  of  beds  of  passage  into  the  Lower 
sandstone  exposed.  On  the  Upper  Iowa,  there  seems  to  be 
in  places  a  thickness  of  over  two  hundred  and  fifty  feet 
which  must  be  considered  as  belonging  to  the  Lower  Mag- 
nesian. 

The  variations  of  lithological  character  in  the  Lower 
Magnesian,  in  point  of  texture  and  color,  are  very  conside- 
rable ;  but  the  chemical  composition  of  the  mass  varies  but 
little  from  that  of  a  pure  dolomite,  with  a  slight  admixture 
of  silicious  sand,  and  a  little  carbonate  of  iron  :  it  usually 
contains  also  traces  of  oxide  of  iron,  and  sometimes  of  man- 
ganese, and  a  minute  quantity  of  chloride  of  sodium,  and,  more 
rarely,  a  still  smaller  amount  of  sulphate  of  lime. 

The  brecciated  and  concretionary  character  of  the  Lower 
Magnesian  is  the  principal  feature  which  distinguishes  this 
dolomitic  mass  from  those  of  the  Galena  and  Niagara,  which 
are  higher  up  in  the  series.  This  peculiar  condition,  however, 
is  not  universal ;  but  is,  rather,  confined  to  certain  localities 
which  seem  to  have  been  the  scenes  of  more  or  less  distur- 
bance while  deposition  was  taking  place. 

The  chemical  composition  of  this  rock  will  be  seen  from 
the  annexed  analyses  of  some  of  the  most  characteristic 
varieties. 

Specimen  marked  '*  Oolitic  sandstone*\  M^ Gregorys  landing. 

This  is  a  very  light-buflf  rock,  made  up  of  a  somewhat  crystalline 
dolomitic  mass,  filled  with  minute  spheroidal  cavities,  many  of  which 
are  empty,  while  others  are  occupied  by  silicious  matter,  which  some- 
times entirely  fills  the  cavity,  and,  at  others,  forms  a  thin  shell  around 
its  walls.  The  mass  of  the  rock  is  composed  of  about  equal  quan- 
tities of  dolomite  and  silicious  sand,  as  is  shown  by  the  annexed 
analysis  : 

Silicious  sand,  with  trace  of  iron  54.30 

Carbonates  of  lime  and  magnesia,  with 

traces  of  iron  45.70 

100.00 
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This  is  one  of  the  beds  of  passage  wliich  mark  the  transition  from 
the  almost  purely  silicious  strata  at  the  base  of  the  fossiliferous  series 
of  the  Northwest,  to  the  very  pure  dolomites  of  the  Lower  Magne- 
sian  limestone  proper. 

Specimen  collected  at  Prairie  du  Chien,  from  quarries  at  base  of  bluffs. 

The  specimen  of  which  the  analysis  follows,  was  taken  from  the 
quarry  which  has  been  quite  extensively  opened,  for  the  use  of  the 
town  of  Prairie  du  Ghien,  at  the  base  of  the  bluffs  about  a  mile  and  a 
half  from  the  river.  This  is  a  semi-crystalline  rock,  with  a  faint  green- 
ish tinge,  and  having  thin  bands  and  lines  of  a  darker  color  traversing 
it  horizontally.  It  lies  in  regular  beds  of  a  convenient  thickness  for 
building,  and  is  a  good  material  for  that  purpose.  The  analysis 
gave,  the  material  having  been  dried  at  a  temperature  a  little  above 
212^  F., 


Insoluble  in  acid 

14.26 

Carbonate  of  iron  and  trace  oxide  of 

iron 

.67 

Carbonate  of  lime 

46.98 

Carbonate  of  magnesia 

37.55 

Trace  of  chlorine,  sulphuric 

acid, 

soda, 

potash  and  loss 

.64 

100.00 

The  insoluble  i)ortion  consists  of  silicious  sand,  slightly  tinged  by 
iron,  but  containing  hardly  a  trace  of  alumina.  It  is  not  unlikely 
that  this  rock  would  make  a  good  hydraulic  cement. 

Lower  Magnesian  limestone^  Pike's  Hillj  McGregor. 

The  specimen  analysed  was  a  crystalline  rock  with  an  irregular 
fracture,  and  weathering  with  irregular  cavities  :  it  is  of  a  light-flesh 
color.  It  is  almost  a  pure  dolomite,  containing  hardly  more  than 
a  trace  of  foreign  matter,  as  the  annexed  analysis  shows  : 

Silicious  substance  0.96 

Carbonate  of  iron  and  manganese  .54 

Carbonate  of  lime  54.03 

Carbonate  of  magnesia  and  traces  of  chlorine  and  soda  44.47 

100.00 
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The  specimen  was  tested  for  sulphuric  acid,  but  was  found  to  con- 
tain none.  It  contains  a  minute  trace  of  chloride  of  sodium  and  a 
small  proportion  of  manganese  ;  but  in  addition  to  the  double  car- 
bonate of  lime  and  magnesia,  there  is  all-together  only  about  one  and 
a  half  per  cent  of  other  substances.  The  rock  is  valuable  for  lime  ; 
but,  to  ji\ilge  from  the  specimen  analyzed,  too  hard  and  irregular  in 
its  fracture  and  mode  of  weathering  to  be  conveniently  used  as  a 
building-stone,  although  a  durable  material. 

Lower  Magnestan  limestone j  New-Galena. 

This  is  a  light-yellow  rock,  quite  crystalline  in  its  structure,  but 
not  very  compact,  being  made  up  of  an  aggregation  of  minute  crys- 
tals of  dolomite,  and  presenting  the  external  appearance  of  a  quite 
arenaceous  limestone,  although,  in  reality,  almost  a  pure  dolomite. 

Its  chemical  composition  is  as  follows  : 

I.  II. 

Insoluble  (silicioos  sand)  8.58            2.75 

Carbonate  of  iron  .83            1.78 

Carbonate  of  lime  52.47 

Carbonate  of  magnesia  42.13 

Traces  of  soda,  potash,  and  ohlorine  and  loss,  .87 

100.00 

The  lower  portion  of  the  Lower  Magnesian  is  often  rather 
thinbedded ;  but  there  is  no  regularity  in  this  respect,  as,  in 
some  localities,  the  very  lowest  strata  are  thick  and  regu- 
larly-bedded, and  better  adopted  for  building-stone  than  any 
other  portion  of  the  formation.  Still  these  heavy-bedded 
layers  usually  alternate  with  thinner  and  almost  shaly  ones; 
although,  even  in  the  shaliest  strata,  the  amount  of  argilla- 
ceous matter  present  is  very  minute.  In  the  central  portion 
of  the  mass  of  Lower  Magnesian  the  presence  of  nodules 
and  layers  of  flint  may  be  noticed  as  rather  characteristic, 
while  the  rock  itself  is  hard,  crystalline  and  very  irregularly- 
bedded,  the  original  lines  of  stratification  being  almost 
entirely  obliterated.  This  character  is  intimately  connected 
with  another  peculiarity  which  manifests  itself  in  the  Lower 
Magnesian  limestone,  and  especially  in  its  upper  beds.  This 
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is  the  concretionary  and,  occasionallj,  brecciated  stractnre 
of  the  rock,  which,  taken  in  connection  with  the  oblitemioQ 
of  the  planes  of  stratification  and  the  crystalline  strucbire 
of  the  associated  beds,  indicates  that  considerable  chemid 
changes,  probably  accompanied  by  more  or  less  mechanical 
disturbance,  took  place  about  the  time  of  their  deposition. 
The  concretionary  structure  of  the  upper  beds  of  the  Lower 
Magnesian  is  particularly  well  manifested  at  several  locali- 
ties where  lead  ore  has  been  mined  from  this  fonnatioii;  s 
fact  which  leads  us  to  infer  a  close  connection  between  the 
chemical  agencies  to  which  were  due  the  formation  of  the 
metalliferous  deposits,  and  the  rearrangement  of  the  strata 
with  which  they  are  associated. 

The  accidental  minerals  which  occur  in  the  Lower  Mag- 
nesian limestone  are  few  in  number,  and  of  little  economical 
value.  Sulphuret  of  lead,  or  galena,  is  the  most  important; 
and  this  ore  has  been  found  in  such  quantities  in  some  loca- 
lities as  to  lead  many  persons  to  suppose  that  this  rock  might 
one  day  become  of  as  much  importance,  as  a  source  of  lead, 
as  the  Galena,  or  proper  lead-bearing,  limestone  has  been. 
With  this  opinion  we  are  unable  to  coincide ;  but  the  natter 
will  be  discussed  farther  on  in  this  chapter,  in  coimeetioo 
with  the  description  of  the  lead  region  of  the  Northwest. 
The  occurrence  of  copper  pyrites,  or  sulphuret  of  iron  and 
copper,  in  the  Lower  Magnesian,  in  small  irregular  "pocket^' 
or  cavities,  has  been  occasionally  noticed,  within  the  borden 
of  Wisconsin.  There  is  no  reason  to  suppose,  howe^r,  tiut  I 
this  formation  is  destined  to  become  productive  iBUiyd 
the  metalliferous  ores. 

The  non-metalliferous  minerals  of  the  Lower  tfagnesian 
are  of  no  importance  whatever.  The  layers  and  nodules  of 
chert  in  this  formation  occasionally  contain  geodes  lined  with 
small  quartz  crystals ;  but  the  whole  rock,  from  th^  ^^ 
to  the  top,  although  itself  usually  highly  crystalline  in  its 
texture,  is  remarkably  deetitattd  of  cryatallised  min^* 
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There  are  numerous  small  irregular  caves  in  the  Lower 
Magnesian,  which  are  sometimes  lined  with  stalactitic  de- 
posits as  in  the  lead-bearing  rock. 

The  indications  of  the  existence  of  organic  life,  during  the 
deposition  of  the  Lower  Magnesian  limestone,  are  but  few. 
In  Iowa,  indeed,  we  have  observed  nothing  of  the  kind ;  but, 
within  the  limits  of  Wisconsin,  we  have  noticed  beds  of 
rock  in  this  position  whose  weathered  surfaces  were  covered 
with  the  indistinct  silicified  remains  of  Orthoceratites.  It  is 
an  interesting  fact,  in  connection  with  these  appearances, 
that  on  breaking  the  rock  and  exposing  a  &esh  fracture,  it 
was  hardly  possible  to  detect  in  the  interior  the  slightest 
appeiEurance  of  those  organic  forms  which  were  so  distinctly 
and  abundantly  revealed  on  the  weathered  exterior.  Other 
beds  in  the  same  neighborhood  (near  Wauwatosa),  are  filled 
with  small  cavities,  which  are  the  casts  of  fragments  of  the 
stems  of  crinoids,  about  one-sixteenth  of  an  inch  in  diame- 
ter. The  very  small  number  of  fossils  hitherto  found  in  the 
Lower  Magnesian  warrants  the  conclusion,  that  during  the 
period  of  its  deposition,  the  physical  conditions  were  not 
suited  to  the  development  of  organic  life.  Occasionally,  as 
in  the  case  of  the  underlying  sandstone,  there  may  have 
been  a  circumscribed  locality  where  animals  flourished;  but 
the  great  mass  of  the  formation  appears  to  have  been  accu- 
mulated as  a  chemical  precipitate,  and  not  to  haye  been 
eliminated  from  the  surrounding  ocean  by  organic  forces,  as 
we  know  to  have  been  the  case  with  most  of  the  more 
recent  calcareous  strata. 

UPPEE,  OR  ST.  PETERS'  SANDSTONE. 

The  characteristics  of  the  Upper  Sandstone  are  in  most 

respects  those  of  the  Lower ;  and  what  has  been  said  of  the 

one  is  applicable  to  the  other,  without  much  modification. 

Being,  however,  very  much  thinner,  its  range  and  extent  on 

[  Iowa  Survey.]  43 
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the  Burface,  throughout  the  Northwest,  is  proportionally  less : 
in  Iowa,  however,  it  occupies  a  more  extensive  region  than 
both  the  formations  below  it.  The  principal  exposures  of 
this  rock  are  on  the  streams  running  into  the  Wisconsin 
river  from  the  south,  and,  in  Iowa,  on  the  Upper  Iowa  river 
and  its  tributaries.  The  undulations  of  the  strata  within  the 
Wisconsin  lead-district  bring  the  Upper  sandstone  to  view 
in  the  vallies  of  several  of  the  streams  for  a  considerable 
part  of  their  course.  Thus,  it  is  well  exposed  on  Grant  and 
Big  Platte  rivers,  as  also  on  the  Peccatonica,  and,  to  a  limited 
extent,  along  Sugar  river.  To  what  distance  towards  the 
northeast,  along  the  east  side  of  the  outcrop  of  the  Lower 
Magnesian,  in  the  direction  of  the  Upper  Peninsula  of  Michi- 
gan, this  formation  may  be  traced,  has  not  yet  been  ascer- 
tained. It  appears  to  gradually  thin  out  between  Sugar  river 
and  Green  Bay,  as  it  has  never  been  discovered  in  the 
Northern  Peninsula  of  Michigan.  It  certainly  disappears 
before  reaching  the  Menomonee  river,  at  which  point  there 
is  a  good  section  of  the  lower  rocks  exposed,  but  no  traces  of 
any  sandstone  between  the  Lower  Magnesian  and  Trenton 
were  observed. 

The  thickness  of  the  Upper  sandstone  within  the  limits 
of  the  lead  region,  and  in  the  northeastern  comer  of  Iowa, 
is  remarkably  persistent,  as  are  also  its  lithological  charac- 
ters. At  numerous  points  in  the  bluffs  along  the  Mississippi, 
the  entire  thickness  of  this  rock,  and  its  relations  to  the  over 
and  underlying  strata  may  be  well  observed.  It  is  usually  an 
almost  pure  silicious  mass,  made  up  of  minute  grains,  which 
are  somewhat  rounded,  but  not  as  if  worn  by  attrition,  and 
remarkably  uniform  in  size,  as  well  as  free  from  any  admix- 
ture of  foreign  ingredients.  In  general,  the  grains  are  not 
held  together  by  any  cement,  and  consequently  the  rock  is 
very  friable,  especially  after  the  exterior  crust  is  removed, 
as  the  sandstone  often  seems  to  have  the  property  of  har- 
dening on  the  surface  exposed  to  the  weather,  probably  from 
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the  infiltration  of  water  holding  calcareous  matter  in  solu- 
tion derived  from  the  adjacent  limestones.  This  peculiarity 
renders  the  sandstone,  both  of  this  and  the  lower  series, 
much  more  durable  than  it  would  otherwise  be,  and  more  so 
than  the  overlying  strata  of  the  Blue  limestone.  Sometimes 
the  sandstone  loses  its  granular  structure  and  assumes  the 
form  of  a  compact  silicious  rock,  almost  as  vitreous  as  the 
quartzose  members  of  the  azoic  series ;  but  this  is  a  rare 
occurrence,  and  appears  to  be  limited  to  small  areas,  although 
in  those  localities  apparently  affecting  the  formation  through 
its  whole  thickness.  We  have  never  noticed  any  appearance 
of  pebbles  or  foreign  detrital  matter  in  the  Upper  sandstone, 
or  any  instances  of  cross  stratification  :  neither  does  this 
rock  ever  appear  to  contain  any  intercalated  beds  of  dolo- 
mite or  limestone.  The  persistence  of  the  mass  in  thickness 
is  as  remarkable  as  its  homogeneity  in  lithological  character. 
From  La  Salle  on  the  Illinois  river,  where  it  makes  its  ap- 
pearance in  a  low  axis  of  elevation,  underlying  the  Coal 
measures  unconformably,  to  St.  Paul  in  Minnesota,  a  distance 
of  over  four  hundred  miles,  the  sandstone  hardly  varies  at 
any  point  more  than  ten  feet  from  its  normal  thickness  of 
about  eighty  feet.  These  facts  indicate  a  remarkable  unifor- 
mity in  the  physical  condition  prevailing  at  the  time  of  the 
deposition  of  this  comparatively  thin  mass. 

This  sandstone  is  almost  wholy  destitute  of  any  acciden- 
tal minerals.  In  a  very  few  localities  it  contains  nodules  of 
brown  oxide  of  iron,  which  is  not  unfrequently  difiiised 
through  the  rock  itself  in  minute  traces,  giving  it  a  light- 
yellowish  tinge.  The  lead  deposits  of  the  overlying  Galena 
and  Trenton  limestones  never  penetrate  the  sandstone;  and 
although  we  have  heard  it  asserted  by  miners  that  the  lead- 
bearing  crevices  do  sometimes  extend  into  this  rock  for  a 
short  distance,  we  have  never  had  an  opportunity  of  prov- 
ing this  from  our  own  observations,  and  have  never  known 
an  instance  of  any  successful  working  for  lead  being  carried 
below  the  limestone. 
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The  occurrence  of  fossils  of  any  description  in  this  sand- 
stone has  never  been  noticed  by  any  observer,  so  far  as  we 
have  been  able  to  ascertain. 

With  the  Upper  sandstone,  that  peculiar  condition  of  things 
which  gave  rise  to  a  deposit  of  pure  silicious  matter  seems 
to  have  come  to  a  close.  We  find  no  occurrence  of  sandstones 
similar  to  these  in  the  overlying  groups ;  the  silicious  shales 
of  the  Hudson-river  and  Chemung  groups  being  evidently 
the  result  of  detrital  accumulations,  and  bearing  all  the  evi- 
dences of  having  a  purely  mechanical  origin,  in  their  texture 
and  chemical  composition.  So,  too,  the  sandstones  and  fine 
conglomerates,  which  occur  still  higher  up  in  the  series,  in 
the  Coal  measures,  are  very  difierent  in  their  character 
from  the  lower  sandstones,  and  exhibit  much  more  distinct 
evidence  of  being  made  up  of  the  detritus  of  quartzose 
rocks. 

The  origin  of  these  immense  accimiulations  of  silicious 
matter  in  so  pure  a  form,  and  with  such  peculiarities  of  li- 
thological  character,  is  a  matter  of  great  theoretical  interest. 
It  has  been  generally  assumed,  without  much  examination 
of  the  subject,  that  all  such  sandstones  were  originally  formed 
by  mechanical  agencies,  the  material  being  supposed  to  have 
gradually  accumulated  from  the  grinding  down  of  previously 
existing  quartzose  rocks.  The  facts  collected  above,  however, 
seem  rather  to  point  to  chemical  than  mechanical  causes,  as 
having  been  the  chief  agents  in  the  deposition  of  the  sand- 
stones. If  these  silicious  strata,  developed  over  so  extensive 
a  suriace,  and  with  such  a  thickness  as  they  are,  were  the 
result  of  the  trituration  of  the  azoic  rocks  which  everywhere 
underlie  them»  and  it  is  difficult  to  conceive  of  any  other 
source  from  which  the  material  could  have  been  obtained, 
unless  we  adopt  the  chemical  theory^  we  can  hardly  under- 
stand how  such  an  amount  of  quartzose  sand  could  have  been 
accumulated,  without  its  containing,  at  the  same  time,  a  con- 
siderable quantity  of  detritus  which  could  be  recojg;nized  as 
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having  come  from  the  destruction  of  the  schistose,  feldspa- 
thic  and  trappean  rocks  which  make  up  the  larger  portion 
of  the  azoic  series,  wherever  it  has  been  examined.  The 
uniform  size  of  the  grains  of  which  the  sandstone  is  com- 
posed, and  the  tendency  to  the  development  of  crystalline 
facets  in  them,  are  additional  facts  which  suggest  the  idea  of 
chemical  precipitation  rather  than  of  mechanical  accumu* 
lation. 

The  space  which  can  be  given  to  purely  theoretical  subjects 
in  a  Report  like  this,  will  not  admit  of  a  full  discussion  of 
this  question  :  it  is  sufficient,  at  this  time,  to  have  directed 
attention  to  some  of  the  difficulties  in  the  way  of  accepting 
the  views  usually  entertained  in  regard  to  the  origin  of  these 
sandstones. 

TRENTON,  OR  BLUE  LIMESTONE  OF  THE  WESTERN 
GEOLOGISTS. 

The  Blue  limestone  is  worthy  of  especial  notice  as  being, 
throughout  the  Northwest,  the  first  group  of  strata  which 
indicates  anything  approaching  to  an  abundant  distribution 
of  living  beings  during  its  deposition.  From  Eastern  Canada 
to  the  region  of  the  Upper  Mississippi,  a  distance  of  fully 
fifteen  hundred  miles,  this  limestone  has  been  traced  con- 
tinuously, and  it  is  everywhere  characterized  by  a  surprising 
similarity  of  organic  forms  and  a  hardly  less  remarkable 
persistence  of  lithological  character.  In  the  groups  below 
this  well-marked  horizon  there  is  a  surprising  paucity  of 
organic  forms,  especially  as  compared  with  the  thickness  of 
strata  which  have  been  accumulated,  and  the  necessary 
great  length  of  time  which  must  have  elapsed  since  the 
first  known  appearance  of  life  on  the  globe.  The  strata  of 
Trenton  age,  however,  are  crowded  with  a  great  number  and 
variety  of  forms  of  animal  life,  which  are  often  in  the  most 
perfect  state  of  preservation,  and  can,  therefore,  be  studied 
and  compared  with  facility. 


342  CHEiaSTBT  AND  XCONOlflGAL  OEOLOOT. 

The  area  occupied  by  the  Trenton  limestone,  in  the  Mis- 
sissippi valley,  is  very  considerable.  It  may  be  found  crop- 
ping out  in  the  bluffs  of  almost  all  the  streams  in  Wisconsin 
south  of  the  river  of  the  same  name  ;  and  in  the  northern 
portion  of  the  mineral  region  it  covers  most  of  the  elevated 
region  between  the  streams.  It  is  spread  out,  in  Iowa,  over 
the  larger  portion  of  the  region  lying  to  the  northeast  of  a 
line  drawn  from  McGregor  in  a  northwesterly  direction.  Its 
course  through  Minnesota  has  not  yet  been  traced ;  but  it 
reappears  at  the  Falls  of  St.  Anthony,  with  nearly  the  same 
characters  which  it  has  three  hundred  miles  farther  south. 

The  term  "Blue  limestone",  as  used  in  the  Mississippi 
valley,  includes  all  the  strata  from  the  top  *of  the  Upper 
sandstone  to  the  base  of  the  Galena  limestone.  The  name 
indicates  the  peculiar  light  bluish  drab-color  of  the  large 
portion  of  the  beds,  a  tint  which  contrasts  with  the  light- 
buff  or  yellowish  color  of  the  groups  above  and  below.  In 
Dr-  Owen's  Report  on  the  geology  of  the  mineral  region, 
published  in  1844,  the  lower  portion  of  the  series  of  beds 
between  the  Upper  sandstone  and  the  Galena  is  separated 
from  the  rest,  and  designated  as  the  "  Buff  limestone".  This 
seems  to  be  a  very  proper  subdivision,  at  least  as  the  rocks 
are  developed  in  the  lead-region ;  since  the  beds  immediately 
overlying  the  sandstotie  are,  in  most  respects,  quite  different 
from  those  a  little  higher  up  in  the  series.  There  is,  indeed, 
considerable  variation  of  lithological  character  in  the  diffe- 
rent beds  of  the  Trenton  in  the  Northwest ;  but  in  Iowa 
and  Wisconsin,  the^only  subdivision  which  can  be  recognized 
over  a  large  area,  is  that  indicated  above,  namely,  the  sepa- 
ration of  the  lower  beds  under  the  term  "  Buff  limestone", 
from  the  upper  or  "Blue  limestone"  proper. 

The  thickness  of  the  lower  division,  or  Buff  beds,  is  quite 
constant  where  it  has  been  examined  by  us  :  at  Guten- 
berg it  is  fifteen  feet ;  at  Prairie  du  Chien,  eighteen  j  and 
on  Grant  river  in  Wisconsin,  it  is  twenty  feet.  The  whole 
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thickness  of  the  Blue  limestone  cannot  be  so  accurately 
stated,  as  there  is  a  gradual  passage,  in  most  sections,  from 
the  beds  of  this  group  into  those  of  the  next  succeeding.  As 
near  as  can  be  made  out,  the  beds  which  should  be  consi- 
dered as  belonging  to  the  Blue  limestone  proper  have  in  the 
lead-region  a  thickness  of  from  seventy  to  eighty  feet,  which, 
with  the  twenty  feet  of  the  Buff  beds,  makes  the  entire  se- 
ries from  the  Upper  sandstone  to  the  Galena  from  ninety  to 
one  hundred  feet. 

The  chemical  composition  of  the  Buff  limestone  will  be 
seen  from  the  following  analyses  of  that  rock,  the  specimens 
having  been  selected,  as  representing  fairly  that  part  of  the 
series  as  it  exists  in  the  Mississippi  valley. 

JSpeeimen  from  layers  next  above  the  Upper  sandstone,  at  Clayton. 

This  is  a  light  yellowish-grey  or  slightly  ash-colored  rock  :  its 
texture  is  finely  subcrystalline,  with  occasional  admixture  of  more 
earthy  portions.  It  exhibits  numerous  small  cavities,  which  are  seen, 
with  the  aid  of  a  microscope,  to  be  lined  with  minute  crystals  of 
brown  spar. 

The  analysis  gave  : 

Insoluble  in  acids  18.36 

Carbonate  of  iron  and  a  little  oxide  of  iron       1.69 
Carbonate  of  lime  44.90 

Carbonate  of  magnesia  34.23 

Loss,  wbioh  includes  carbonate  of  soda,  a  trace 
of  chloride  of  sodium  and  of  sulphate  of 
soda  .82 


100.00 


The  insoluble  portion  consisted  of  silica,  mixed  with  a  little  clayey 
matter.  The  soluble  part  has  nearly  the  composition  of  dolomite,  as 
44.9  per  cent  of  carbonate  of  lime  requires  37.7  of  carbonate  of 
magnesia  to  form  the  double  carbonate. 
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Specimen  from  Grant  river,  Wisconsin. 

The  specimen  of  which  the  analysis  follows  was  taken  from  the 
bluflfs  on  Grant  river,  near  the  crossing  of  the  road  from  PlattevlUe 
to  Prairie  du  Chien,  and  at  an  elevation  of  one  hundred  and  fifty- 
three  feet  above  the  valley,  in  a  position  a  few  feet  above  the  Upper 
sandstone. 

It  is  a  light-yellowish  brown  rock,  mottled  with  shales  of  buflF : 
its  texture  is  somewhat  earthy  in  part,  with  some  granular  crystal- 
line portions,  the  layers  not  being  very  homogeneous  in  structure  or 
in  composition. 

The  analysis  gave  the  following  results  : 


Insolable  in  acid 

22.86 

Carbonate  of  iron 

4.56 

Carbonate  of  lime 

42.97 

Carbonate  of  magnesia 

29.49  (by  loss) 

Alumina,  in  soluble  portion 

.12 

100.00 

The  insoluble  portion  was  analysed  by  itself,  and  found  to  contain 
63.7  per  cent  of  silica  :  the  remainder  consisted  of  alumina  14.7, 
oxide  of  iron  3.5,  and  a  little  magnesia  with  the  alkalies,  potash  pre- 
dominating. The  composition  of  this  residuum  will  be  seen,  therefore, 
to  be  nearly  that  of  orthoclase  (  common  feldspar  ),  in  which  a  por- 
tion of  the  alumina  is  replaced  by  oxide  of  iron.  (  Orthoclase  con- 
tains silica  64.8,  alumina  18.4,  potash  16.8.) 

Specimen  from  Clayton,  Iowa,  marked  "  Base  of  the  Trenton*^. 

This  is  a  light  buflf-colored  rock,  resembling  in  texture  and  color 
the  beds  of  the  Lower  Magnesian.  It  is  more  crystalline  and  homo- 
geneous than  the  specimens  from  the  same  geological  position  of  which 
the  analyses  are  given  in  the  preceding  pages.  The  chemical  analysis 
showed  it  to  be  considerably  more  free  from  insoluble  matters  than 
the  other  samples  of  the  Buff  limestone. 

The  following  are  the  results  : 
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Insoluble  in  acids  7.07 

Carbonate  of  iron,  with  a  little  oxide  of 

iron  4.95 

Carbonate  of  lime  52.55 

Carbonate  of  magnesia,  and  traces  of 
chloride  of  sodium  and  carbonate 
of  soda  35.43  ( by  loss). 

100.00 

This  specimen  is  almost  the  only  magnesian  limestone  analyzed 
from  rocks  of  Silurian  age,  which  was  not  found  to  contain  magnesia 
and  lime  in  very  nearly  the  proportion  required  to  form  dolomite. 
The  amount  of  carbonate  of  lime  given  above,  52.55  per  cent,  would 
require  44.13  of  carbonate  of  magnesia  for  that  purpose.  Thus  it 
appears  that  the  lime  is  a  little  in  excess,  even  reckoning  the  iron  as 
replacing  a  portion  of  the  magnesia. 

The  limestones  at  the  base  of  the  Trenton  appear,  from 
their  chemical  composition,  to  be  better  qualified  to  make 
good  hydraulic  cements  than  any  others  found  in  the  State 
of  Iowa,  as  far  as  has  yet  been  ascertained. 

The  Buff  limestone  seems  to  be  entirely  destitute  of  fos- 
sils ;  at  least,  none  have  been  noticed  by  us  in  that  position. 
In  some  localities  in  Wisconsin,  markings  resembling  fucoids 
have  been  observed;  but  whether  they  are  the  result  of  orga- 
nic structure,  or  merely  concretionary  arrangement  of  the 
slightly  argillaceous  layers,  we  have  not  examined  sufficiently 
to  decide. 

After  the  deposition  of  tKe  Upper  sandstone,  there  seems 
to  have  been  a  sudden  return  of  the  conditions  under  which 
the  Lower  Magnesian  had  been  accumulated,  the  transition 
from  one  rock  to  the  other  being  everywhere  an  abrupt  and 
strongly  marked  one.  To  the  chemical  precipitate  of  the 
carbonates  of  lime  and  magnesia,  was  added,  however,  at 
this  period,  a  considerable  proportion  of  finely-divided  sedi- 
ment or  mud,  evidently  the  result  of  mechanical  agencies, 
and  brought  into  the  basin  in  which  deposition  was  going  on 
from  a  considerable  distance.  The  composition  of  this  sedi- 
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ment  indicates  that  it  may  have  originated  from  the  tritu- 
ration of  feldspathic  rocks,  such  as  everywhere  underlie  the 
fossiliferous  strata  of  this  region.  The  conditions  of  the  ocean 
during  the  deposition  of  these  beds  became  gradually  better 
adapted  to  the  growth  of  organized  beings ;  and  we  find  the 
strata  rapidly  becoming  more  purely  calcareous  and  at  the 
same  time  more  and  more  crowded  with  the  remains  of  ani- 
mal life.  During  the  latter  portion  of  the  Trenton  period, 
the  deposition  of  detrital  material  was  repeatedly  intermit- 
ted for  long  periods  of  time ;  and  the  accumulation  of  the 
nearly  pure  carbonate  of  lime  of  which  the  strata  were 
formed,  may  be  due  chiefly,  if  not  entirely,  to  the  agencies 
of  organic  life  eliminating  the  calcareous  matter  from  the 
surrounding  ocean. 

Rising  in  the  series  above  the  Buflf  beds  of  the  Trenton, 
we  come  to  a  series  of  thinbedded  and  highly  fossiliferous 
layers  of  limestone,  alternating  irregularly  with  more  com- 
pact and  thicker  beds  of  equally  pure  carbonate  of  lime,  but 
which  are  much  less  crowded  with  organic  remains.  There 
does  not  seem  to  be  any  very  considerable  persistence  in 
these  changes  of  character  over  a  wide  area.  There  are, 
however,  few  good  sections  exposing  at  one  view  the  whole 
of  the  series,  the  easily  decomposing  shaly  beds  usiially  con- 
cealing with  detritus  a  portion  of  the  more  resisting  ones. 
The  lower  layers,  however,  appear  on  the  whole  to  be  more 
evenly  and  thicker-bedded,  and  to  contain  fewer  fossils.  Some 
of  the  layers  have  a  peculiar  eompaot  structure,  and  break 
with  a  conchoidal  fracture  :  tliese  are  known  among  the 
miners  as  the  "  glass-rock*'.  Their  color  varies  from  light  to 
dark-grey,  and  they  consist  of  an  almost  chemically  pure 
carbonate  of  lime ;  the  ibssils  which  they  ^K>ntaiH  being 
chiefly  confined  to  the  shaly  partings  between  the  layers. 
The  upper  portion  of  the  series  k  made  up  of  more  shaly 
and  thinner  beds,  most  of  which  are  crowded  with  ftMssils. 
There  are  also  numerous  thin  layers,  which  are  quite  «rgil- 
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laceous,  and  decompose  to  blue  and  yellow  clays,  leaving  the 
fossils  in  a  perfect  state  of  preservation. 

The  following  analyses  will  give  an  idea  of  the  composi- 
tion of  the  Trenton  limestone,  as  it  exists  in  the  lead-region 
and  in  the  northeastern  corner  of  Iowa. 

Specimen  from  a  quarry  four  miles  south  of  Wakon,  Alamakee  county. 

This  is  a  very  light  drab-colored  rock,  not  materially  changing  its 
color  or  api)earance  by  weathering.  It  breaks  with  a  smooth  fracture 
into  rectangular  fragments.  Its  texture  is  finely-crystalline,  and  it  is 
very  compact  and  homogeneous,  with  the  exception  of  minute  specks 
of  crystallized  calcareous  spar  and  bitumen,  which  are  sparsely  scat- 
tered through  it.  It  is  in  all  respects  a  good  building-stone,  splitting 
out  in  good  shape,  dressing  easily  and  keeping  its  color  well.  This  is 
not  from  one  of  the  very  fossiliferous  layers  of  the  Blue  limestone; 
but  it  contains  a  few  fossils,  and  is  colored  by  a  trace  of  organic 
matter. 

The  analysis  showed  the  following  composition  : 

Insoluble  ( silicate  of  alumina )  4.07 

Carbonate  of  iron  .62 

Carbonate  of  lime  94.08 

Carbonate  of  magnesia,  alkalies,  chlorine, . 

sulphuric  acid  and  loss  .1.23 

100.00 

The  specimen  analyzed  above  represents  in  character  and  compo- 
sition the  lower  portion  of  the  Blue  limestone,  as  developed  through- 
out the  northeastern  corner  of  the  State.  It  is  quarried  in  numerous 
places,  and  affords  the  best  material  both  for  building-stone  and  for 
lime,  being  an  almost  pure  carbonate  of  lime.  It  sometimes  fades 
slightly  on  exposure,  by  the  gradual  disappearance  of  the  organic 
matter  which  it  contains;  and  is  not  unfrequcntly  colored  of  a  light- 
buff  on  the  exterior,  by  the  oxidation  of  the  iron  which  it  contains 
in  the  form  of  carbonate  of  the  protoxide. 
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Specimen  from  a  quarry  on  Limestone  creek,  near  PUxttevillej  Wisconsin, 

This  rock  has  a  dark  brownish  drab-color,  gradually  shading  off 
on  some  of  the  layers  into  a  light-drab.  It  has  a  very  smooth  fracture, 
breaking  readily  into  large  cuboidal  blocks.  Its  texture  is  fine-grained 
and  imperfectly  crystalline,  and  it  has  an  oily  lustre.  It  is  colored 
by  a  trace  of  organic  matter,  which  gradually  fades  out  on  exposure 
to  the  sun  and  air.  This  is  an  excellent  building-stone,  and  furnishes 
the  best  of  lime.  Like  the  preceding  specimen,  it  is  nearly  a  pure 
carbonate  of  lime,  containing  hardly  three  per  cent  of  other  sub- 
stances. 

The  composition  is  as  follows  : 

Silicate  of  alumina  0.75 

Carbonate  of  iron  .26 

Carbonate  of  lime  97.25 

Carbonate  of  magnesia  1.13 

Carbonate  of  soda  .27 

Chlorine,  sulphurio  acid,  and  loss  .34 

100.00 

This  specimen  approaches  nearly  in  character  to  the  so-called 
"  glass-rock"  of  the  miners,  which  is  also  a  pure  carbonate  of  lime, 
but  rather  more  compact  and  brittle,  and  therefore  not  so  well  adap- 
ted for  a  building-stone,  as  it  does  not  break  or  dress  smoothly,  and 
is  usually  quite  thinbedded. 

The  section  at  the  quarry  from  which  the  above  specimen 
was  taken  gave  the  following  series  of  beds  : 

Thinbedded  layers,  highly  fossiliferous 8  feet. 

Thinbedded  layers,  without  fossils 2  ft.  3  in. 

Not  exposed 4  ft.  9  in. 

Shale  and  clay  in  alternate  layers 2  ft.  5  in. 

Hard  light-grey  fossiliferous  limestone  (containing  numerous 

trilobites)      . 1  ft.  7  in. 

Thin  bands  of  clay 9  inches. 

Hard  dark-grey  and  somewhat  brittle  limestone  in  layers  from 

6  inches  to  1  foot  in  thickness 4  ft.  3  in. 
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Specimen  from  Elgin^  at  junction  of  Otter  creek  and  Turkey  river. 

The  beds  exposed  at  this  point  are  somewhat  shaly,  and  more  ar- 
gillaceous than  most  of  the  fossilifeious  strata  of  the  Trenton.  The 
rock  is  a  rather  dark  yellowish-grey,  iand  not  crystalline  :  it  is  too 
easily  decomposed  to  be  of  much  value  as  a  building-stone. 

The  analysis  of  this  specimen  gave  : 

Insoluble  in  acid  ( clay )  8.37 

Soluble  alumina,  and  trace  oxide  of  iron  .33 

Carbonate  of  lime  90.58 

Carbonate  of  magnesia  .50 
Carbonate  of  soda,  and  trace  of  chloride 

of  sodium  .20 

99.98 

Some  of  the  beds  in  this  position,  in  Wisconsin,  have  been 
found  to  furnish  a  good  hydraulic  cement ;  but  in  Iowa,  the 
Buff  beds  at  the  base  of  the  Trenton  seem  better  adapted 
for  that  purpose,  the  Blue  limestone  above  not  containing  a 
sufficient  ""quantity  of  silicious  and  argillaceous  substances, 
except  in  very  thin  layers. 

The  passage  from  the  Trenton  into  the  Galena  limestone 
above  is  not  an  abrupt  one  :  on  the  contrary,  there  are  in 
many  localities,  several  alternations  of  calcareo-magnesian 
and  purely  calcareous  layers  between  the  two  formations, 
indicating  that  the  change  of  conditions,  which  resulted  in 
the  deposition  of  the  highly  crystalline  magnesian  rock 
which  overlies  the  Trenton,  was  not  effected  at  once  and 
without  occasional  partial  returns  to  the  former  state  of 
things.  The  beds  of  the  Trenton  intercalated  in  the  Galena 
resemble  those  of  the  last  named  rock  in  being  comparatively 
destitute  of  fossils. 
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GALENA  LIMESTONE. 

The  Galena  limestone  closely  resembles  in  lithological 
character,  as  well  as  in  chemical  composition,  the  Lower 
Magnesian,  from  which  it  is  separated  by  the  Blue  or  Tren- 
ton limestone.  It  is,  however,  more  uniform  in  its  texture, 
and  does  not  exhibit  the  brecciated  and  concretionary  struc- 
ture which  the  Lower  Magnesian  frequently  takes  on. 

The  Galena  limestone  is  a  member  of  the  series  which, 
although  of  importance  in  the  Mississippi  valley,  both  from 
its  thickness  and  mineral  contents,  has  not  been  distinctly 
recognized  in  its  eastern  extension  beyond  the  borders  of 
the  State  of  Wisconsin.  It  gradually  thins  out,  as  we  proceed 
northwards  through  that  State,  on  the  east  side  of  the  axis 
of  elevation  which  passes  through  Rock,  Jefferson  and  Dodge 
counties.  This  rock  is  most  fully  and  characteristically  de- 
veloped on  the  Mississippi  river,  in  the  neighborhood  of 
Galena  and  Dubuque,  and  occupies  a  large  portion  of  the 
elevated  prairie  region  in  Wisconsin,  south  of  the  river  of 
that  name  and  east  as  far  as  Rock  river ;  although,  through- 
out the  whole  of  this  part  of  the  State,  the  large  streams 
have  cut  down  to  lower  formations.  In  Iowa,  the  Galena 
limestone  has  been  traced  as  far  to  the  northwest  as  Fort 
Atkinson,  where  it  has  all  its  usual  characters,  although  ap- 
parently somewhat  thinner  than  on  the  Mississippi.  The 
greatest  thickness  of  this  rock  which  has  been  measured,  is 
in  the  vicinity  of  Dubuque,  where  it  equals  about  two  hun- 
dred and  fifty  feet.  This  appears  to  be  the  point  of  its  maxi- 
mum development,  from  which  it  gradually  thins  out  in  all 
directions. 

The  term  "Upper  Magnesian"  has  been  frequently  applied 
to  this  division  of  the  geological  series,  but  including,  at  the 
same  time,  the  Niagara  limestone,  the  former  being  distin- 
guished as  the  "  Lead-bearing  beds",  the  latter  as  the  "  Co- 
ralline and  Pentamerus  beds",  of  the   Upper  Magnesian 
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limestone.  In  this  nomenclature  the  existence  of  the  Hudson- 
river  group,  which  lies  between  these  two  divisions,  was 
overlooked ;  the  two  magnesian  limestones,  which  differ  en- 
tirely in  the  nature  of  their  included  fossils,  although  strik- 
ingly alike  in  lithological  characters,  being  in  point  of  fact 
separated  from  each  other  by  from  sixty  to  eighty  feet  of 
shales,  which,  in  their  turn,  are  characterized  by  a  peculiar 
set  of  animal  remains.  Besides,  the  Niagara  itself  is  not  the 
highest  magnesian  rock  of  the  region,  the  Leclaire  limestone 
and  portions  of  the  Carboniferous  series  being  also  nearly 
pure  dolomites. 

The  Galena  limestone,  as  usually  developed,  is  a  rather 
thick-bedded,  light-greyish  or  light  yellowish-grey  dolomite, 
distinctly  crystalline  in  its  texture  and  usually  rather  coarse- 
grained, although  occasionally  so  finely  granular  as  to  be 
almost  ccMnpact.  The  coarse-gained  portions  not  unfrequently 
contain  small  cavities,  which  are  lined  with  minute  crystals 
of  brown  spar. 

This  limestone  is  remarkably  uniform  in  its  lithological 
character,  from  the  bottom  to  the  top  of  the  group  of  strata. 
It  contains  but  little  insoluble  matter,  usually  not  more  than 
two  or  three  per  cent;  a  little  carbonate  of  iron,  which  par- 
tially decomposes  on  exposure,  giving  to  the  rock  the  light- 
yellow  or  buff  tinge  which  it  generally  has  when  weathered. 

The  following  analyses  will  give  an  idea  of  its  chemical 
composition. 

J^ecimen  from  GamaviUo,  Clayton  counttf. 

This  is  a  massive  limestone,  of  a  very  light  yellowish-brown  color, 
like  all  the  rocks  of  this  formation,  where  it  has  been  exposed  to  the 
weather  even  for  a  short  time.  It  is  quite  crystalline  in  its  texture, 
and  has  occasional  irregular-shaped  cavities,  or  portions  liable  to 
form  cavities  by  decomposition;  which  portions,  on  examination  with 
the  magnifying-glass,  are  seen  to  be  made  up  of,  or  lined  with,  minute 


352  CHEBflSTBT  AND  SCONOmOAL  OEOLOGT. 

crystals  of  brown  spar,  or  dolomite.  There  are  a  few  imperfect  traces 
of  fossils  in  the  rock,  usually  cavities  once  occupied  by  stems  of 
crinoids. 

The  results  of  the  analysis  were  as  follows  : 


Insoluble  in  acids 

4.43 

Carbonate  of  iron 

.93 

Alumina  and  oxide  of  iron 

traces 

Carbonate  of  lime 

62.01 

Carbonate  of  magnesia 

42.25 

Carbonate  of  soda  and  potash 

.38 

Cliloride  of  sodium  and  sulphate  of  lime, 

traces 

100.00 

The  insoluble  portion  is  mostly  silica,  but  slightly  colored  by  oxide 
of  iron.  There  is  hardly  a  trace  of  alumina  in  the  rock  :  neither  was 
the  presence  of  sulphuric  or  phosphoric  acids  detected. 

An  additional  determination  of  the  alkalies  was  made  by  burning 
a  fragment,  in  order  to  decompose  the  combination  of  the  alkalies, 
and  then  exhausting  the  ignited  mass  by  water.  In  the  solution  the 
lime  was  removed  by  saturation  with  carbonic  acid,  evaporating  to 
dryness,  adding  a  little  water  and  filtering  off  the  carbonate  of  lime. 
50  grammes  of  the  rock  treated  in  this  way  gave  .0724  of  alkaline 
carbonates,  or  0.14  per  cent,  which  contained  .03089  of  potash,  or 
.04531  of  carbonate  of  potash,  and  .02709  of  carbonate  of  soda;  or, 
in  per  centage,  0.0906  per  cent  of  carbonate  of  potash  and  0.0542 
of  carbonate  of  soda. 


Analysis  of  a  specimen  collected  near  Burion^s  furnace,  Dubuque  county. 

This  specimen  has  the  usual  characters  of  the  Galena  limestone : 
it  differs  from  the  preceding  one,  however,  in  having  a  somewhat 
greyer  tinge  of  color,  and  in  being  a  little  more  compact  and  tougher. 
It  weathers  a  dirty-yellow,  and  the  occasional  minute  specks  of  iron 
pyrites  which  it  contains  become  evident  as  the  rock  is  exposed  to 
the  weather. 

The  analyses  of  two  specimens  gave  : 


OEOLOGT  OF  IOWA.  353 


Insoluble  in  acid 

10.69 

12.08 

Carbonate  of  iron 

.84 

1.42 

Oxides  of  iron  and  manganese 

trace 

trace 

Carbonate  of  lime 

48.81 

Carbonate  of  magnesia 

87.49 

Carbonate  of  soda 

.17 

Chloride  of  sodium 

trace 

Loss 

.58 

100.00 

No  sulphuric  acid,  phosphoric  acid  or  potash  was  detected  in  this 
limestone  :  neither  were  there,  in  this  or  the  preceding  specimen,  any 
traces  of  a  metal  precipitable  by  sulphuretted  hydrogen  in  the  acid 
solution.  A  number  of  specimens  of  this  rock  have  been  tested  in 
this  way  £oi  lead,  without  any  indication  of  the  presence  of  this 
metal  having  been  obtained. 

Specimen  from  Dubuque,  collected  at  an  elevation  of  one  hundred  and 
fifty  feet  edfove  the  river. 

This  rock  is  hardly  to  be.  distinguished  from  the  preceding  one, 
except  by  a  slightly  deeper  tinge  of  yellow  in  its  color.  The  minute 
crystals  which  line  the  irregular  cavities  are  of  a  decided  yellow 
tinge. 

The  composition  of  this  rock,  as  indicated  by  the  analysis,  was  as 
follows  : 

Insoluble  in  acid  2.46 

Carbonate  of  iron  and  manganese  1.35 

Alumina  in  soluble  portion  none 

Oxide  of  iron  and  manganese  trace 

Carbonate  of  lime  52.00 

Carbonate  of  magnesia  43.98  by  loss. 

Carbonate  of  soda  0.26 

Chlorides  of  sodium  and  potassium  traces 

moo 

This  rock  is  largely  quarried  for  building  purposes  about  the  city 
of  Dubuque,  although  not  dressing  smoothly,  and  weathering  some- 
what irregularly,  owing  to  the  numerous  crystalline  cavities  it  con- 
tains. Caps  and  sills  are  usually  made  from  the  Blue  limestone,  from 
the  opposite  side  of  the  river,  or  else  iron  is  used  for  this  purpose. 
[Iowa  Suevit.]  46 
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The  character  of  this  rock  is  somewhat  different  as  de- 
developed  in  different  localities ;  usually,  the  upper  portion 
is  more  argillaceous  and  somewhat  more  regularly  and  thin- 
ly bedded,  so  that  it  is  preferable  as  a  building  material.  In 
the  vicinity  of  Dubuque,  the  principal  quarries  are  in  the 
upper  fifty  feet  of  the  rock  where  the  layers  are  usually 
from  seven  to  eight  inches  in  thickness,  and  regular  in  their 
bedding.  At  the  very  summit  of  the  formation  the  rock  is 
frequently  quite  shaly  and  argillaceous,  indicating  a  passage 
into  the  overlying  shales  of  the  Hudson-river  group.  The 
middle  portion  of  the  series  is  more  crystalline,  heavier- 
bedded,  and  marked  by  an  abundance  of  silicious  nodules  or 
flints,  which  are  frequently  arranged  in  regular  layers,  al- 
though sometimes  scattered  indiscriminately  through  the 
rock.  The  lower  portion  of  the  Galena  limestone  is  the  most 
variable  in  its  lithological  character.  It  is  sometimes  suffi- 
ciently regular  in  its  bedding  to  be  of  value  as  a  building- 
stone  ;  but  more  frequently  it  is  -  intersected  by  seams  and 
floors  of  crysta,llized  calcareous  spar,  or  even  by  masses  of 
silicious  matter. 

The  Galena  limestone  is  of  great  importance  economically, 
not  only  as  a  valuable  building-stone,  but  as  the  depository  of 
the  lead  ore,  which  has  been  so  extensively  worked  in  this  re- 
gion. Sulphurets  of  lead,  zinc  and  iron,  are  almost  the  only 
metalliferous  ores  which  occur,  although  these  metals  are  oc- 
casionally found  in  their  oxidized  combinations,  the  results 
of  the  decomposition  of  the  sulphurets.  The  particulars  of 
the  mode  of  occurrence  of  these  ores  will  be  given  at  length 
farUier  on  in  this  chapter. 

Among  the  few  simple  non-metalliferous  minerals  found 
in  the  Galena  limestone,  silica  is  by  far  the  most  abundantly 
distributed,  in  the  form  of  irregular  nodules  or  flat  sheets  of 
varying  thickness,  which  are  especially  abundant  in  the 
middle  portion  of  the  series,  and  in  connection  with  the 
lead-openings  near  the  base.  It  is  remarkable  that  the  sili- 
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cious  matter  is  very  rarely  found  crystallized  :  in  a  large 
collection  of  the  minerals  accompanying  the  lead  ores  in  this 
geological  position,  we  have  not  discovered  a  single  crystal 
of  quartz.  Carbonate  of  lime  occurs  at  numerous  localities, 
in  connection  with  the  mineral  openings ;  and,  in  the  lower 
part  of  the  series,  in  flat  crystallized  sheets,  the  individual 
crystals  often  being  of  very  large  size,  and  usually  in  the 
form  of  the  scalene-triangular  dodecahedron  :  these  crystals 
occur  up  to  six  inches  in  length.  Sulphate  of  baryta  is  of 
not  unfrequent  occurrence  in  the  Galena  limestone,  both  as 
an  accompaniment  of  the  lead  ore  and  otherwise.  At  Scale's 
mound,  in  Illinois,  it  occurs  in  fine  crystallizations,  associated 
with  crystallized  pyrites  and  brown  spar,  forming  geodes  in 
the  upper  beds  of  the  Galena. 

The  Galena  limestone,  as  a  whole,  is  by  no  means  a  highly 
fossiliferous  rock,  and,  in  this  respect,  it  offers  a  striking 
contrast  to  the  underlying  Blue  limestone.  The  lower  portion, 
especially,  is  almost  entirely  destitute  of  organic  remains. 
In  the  argillaceous  and  shaly  partings  of  the  beds,  near  the 
top  of  the  series,  there  are,  in  many  localities,  somewhat 
numerous  casts  of  shells.  The  remarkable  and  conspicuous 
coral,  generally  known  at  the  West  as  the  Cosctnipora,  or 
*^  Sun-flower  coral",  but  which  is  considered  by  Mr.  Hall  as 
belonging  to  the  genus  ReceptaculiteSy  is  found  through  nearly 
all  the  strata  of  the  Gralena  limestone,  and  in  the  lead-region 
proper  is  quite  characteristic  of  this  rock,  as  it  has  never 
been  found  in  the  beds  of  the  Trenton  limestone  within  the 
mineral  district  :  farther  to  the  northwest,  however,  in  the 
valley  of  the  Turkey  and  Upper  Iowa  rivers,  it  has  been 
observed  at  several  localities,  abundantly  scattered  through 
the  shaly  beds  of  the  Blue.  Almost  equally  conspicuous  with 
the  Receptaculitesj  as  a  characteristic  fossil  of  the  Galena 
limestone,  is  the  Lingula  quadrata,  which  is  quite  frequently 
noticed  in  the  upper  beds  of  this  group.  Besides  these,  the 
most  common  fossils  are  a  few  gasteropods,  among  which 
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several  species  of  Murchisonia  are  most  frequently  met  with. 
Pleurotomaria  is  another  genus  of  not  unfrequent  occurrence. 
Of  bivalve  shells,  imperfect  casts  of  the  genera  Edmondia 
and  Ambonychia  are  occasionally  observed. 

With  the  exception  of  the  Lingula,  all  the  organic  remains 
of  the  Galena  limestone  are  in  the  form  of  casts,  no  vestige 
of  the  original  shells  remaining,  except  when  it  consisted 
of  phosphate  of  lime,  instead  of  carbonate,  as  is  the  case  with 
this  genus.  Hence  it  appears,  that  the  chemical  changes  which 
this  rock  has  undergone  since  its  deposition  have  been  of  a 
nature  to  remove  the  carbonate  of  lime,  but  to  leave  the 
phosphate  untouched. 

HUDSON-RIVER  GROUP. 

Next  above  the  Galena  limestone,  in  the  Upper  Mississippi 
valley,  we  find  a  series  of  beds  which  differ  entirely  in 
lithological  character  from  any  which  have  preceded  them. 
Up  to  the  close  of  the  period  during  which  the  various  groups, 
from  the  Potsdam  sandstone  to  the  Galena  limestone,  were 
deposited,  rocks  of  a  purely  detrital  origin,  that  is  to  say, 
such  as  were  formed  by  the  wearing  .down  of  pre-existing 
strata,  seem  to  have  been  almost  entirely  wanting.  A  little 
argillaceous  sediment  occasionally  found  its  way  into  the 
basin  in  which  the  deposition  of  silicious  or  oalcareo- 
magnesian  strata  was  going  on,  under  the  action  of  chemical, 
and  sometimes  of  organic  forces ;  but  the  quantity  of  detrital 
matter  thus  introduced  previous  to  the  epoch  of  the  Hudson- 
river  group  was  very  small.  While  the  shales  of  this  period 
were  accumulating  in  the  Mississippi  valley,  the  material 
from  which  they  were  formed  seems  to  have  been  a  fine  mud, 
made  up  of  the  detritus  of  argillaceous  and  silico-argillaceous 
rocks,  with  but  a  trifling  amount  of  calcareous  miitter ;  while 
limited  portions  of  the  series  are  crowded  to  repletion  with 
the  remains  of  organic  forms,  which  seem  to  have  flourished 
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in  countless  multitudes,  and  which  have  been  preserved  in 
the  greatest  perfection. 

The  variations  in  physical  condition  under  which  different 
portions  of  the  Hudson-river  group  were  deposited  are  made 
evident  by  tracing  the  rocks  of  this  geological  age  along  the 
line  of  their  outcrop,  between  New- York  and  Iowa,  and  no- 
ticing the  different  characters  which  they  exhibit  at  different 
points  in  a  distance  of  more  than  twelve  hundred  miles. 

In  Eastern  New- York,  the  series  is  made  up  almost  ex- 
clusively of  detrital  materials,  the  larger  portion  of  which  is 
finely  comminuted,  while  in  some  districts  coarser  grits  and 
sandstones  predominate.  The  thickness  of  this  group,  in- 
cluding the  Utica  slate,  Hudson-river  shales,  and  the  Grey 
sandstone,  seems  not  to  be  very  accurately  known.  In  the 
eastern  part  of  the  State  it  is  very  considerable,  exceeding 
a  thousand  feet ;  but  there  is  a  rapid  diminution  towards  the 
west,  and  where  the  series  appears  to  have  been  accumulated 
more  nearly  in  its*  normal  condition,  in  the  upper  part  of  the 
Mohawk  valley,  it  is  probably  not  over  four  hundred  feet. 

Following  the  course  of  the  group  still  farther  west,  we 
find  it  bending  north  in  the  direction  of  the  northeast  comer 
of  Lake  Ontario,  thence  crossing  Canada  to  Lake  Huron, 
where  excellent  exposures  are  to  be  observed  along  the  south 
shore  of  Georgian  Bay  and  on  the  Grand  Manitoulin  and 
Drummond's  islands.  In  this  region  there  has  been  a  great 
accession  of  calcareous  matter ;  and  there  is  a  thickness  of 
nearly  five  hundred  feet  of  somewhat  argillaceous  limestones, 
belonging  to  this  series,  exposed  near  Cabot's  Head.  This 
thickness  rapidly  diminishes  in  a  westerly  direction ;  but  the 
predominating  material  of  the  group  is  calcareous,  until  we 
reach  the  borders  of  Wisconsin,  where  silicious  shales  begin 
to  predominate  again,  and  the  limestones  are  reduced  in  the 
neighborhood  of  the  Mississippi  to  a  few  very  thin  bands, 
collectively  hardly  equal  to  five  feet  in  thickness.  The  entire 
thickness  of  the  group,  as  it  exists  in  the  Upper  Mississippi 
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valley,  is  probably  about  seventy-five  or  eighty  feet,  and  in 
some  localities  may  be  as  much  as  one  hundred ;  but  it  is 
very  difl&cult  to  find  a  natural  section  exposing  more  than  a 
few  feet  of  it,  so  easily  do  the  beds  decompose  and  form 
grassy  slopes.  The  best  natural  section  we  have  seen  is  on  the 
Little  Makoqueta,  where  about  twenty-five  feet  is  exposed ; 
and  in  the  most  satisfactory  artificial  one,  at  Scale's  mound, 
about  forty-two  feet  were  measured,  of  which  all  but  four 
feet  were  silicious  and  argillaceous  shales. 

Throughout  the  whole  region  in  which  the  Hudson-river 
group  occurs,  it  appears  to  be  more  or  less  charged  with 
carbon ;  but  some  portions  of  the  series,  in  certain  districts, 
contain  so  large  an  amount  of  this  substance,  that  its  occur- 
rence becomes  a  question  of  economical  importance. 

From  some  experiments  made,  at  our  request,  by  Dr.  C. 
F.  Chandler,  it  appears  that  the  black,  highly  glazed  and 
apparently  very  carbonaceous  shales  from  the  Hudson-river 
valley  contain  from  one-half  to  one  per  cent  of  fixed  carbon, 
but  no  volatile  bituminous  matters.  The  Utica  slate,  on  the 
other  hand,  is  rich  in  carbonaceous  substances,  chiefly  in  the 
form  of  fixed  carbon  :  some  specimens  lost  one-sixth  of  their 
weight  when  burned  in  oxygen.  In  Canada,  according  to 
Mr.  Logan's  Reports,  the  Utica  slates  are  highly  bituminous ; 
so  much  so,  that  they  are  considered  as  likely  to  become  of 
economical  value  as  a  source  of  oil  and  bitumen. 

In  the  Mississippi  valley,  the  amount  of  carbonaceous 
matter  in  the  Hudson-river  shales  has  been  found  to  form 
one-tenth  to  one-fifth  of  the  weight  of  the  material  examined ; 
and  the  quantity  of  volatile  substances  is  so  great,  that  all 
the  specimens  examined  have  taken  fire  and  burned  with  a 
brilliant  flame  when  heated  in  the  crucible. 

The  following  examinations  will  show  the  large  amount 
of  combustible  matter  present  in  these  shales.  Farther  ex- 
aminations will  be  made  to  acquire  a  more  exact  idea  of  the 
nature  of  the  combinations  in  which  the  carbon  occurs,  and 
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especially  to  determine  the  economical  value  of  the  rock,  and 
whether  it  can  be  profitably  used  as  a  material  from  which 
to  obtain  oil  or  illuminating  gas. 

Specimen  marked  *'  One  mile  east  of  Savannah  {Ill,),from  a  well  ten  feet 

below  the  surface". 

This  is  a  dark  chocolate-colored  shale,  which  weathers  white  on 
exposure.  Heated  in  the  closed  crucible,  it  gives  off  a  considerable 
amount  of  gas,  which  takes  fire  and  bums  with  a  clear  bright  flame. 

The  analytic  determination  gave  : 

Moisture  .75 

Volatile  combustible  matter  14.12  )  total  combustible  )  ^q  qo 

Fixed  carbon  6.84  )        substances        )      ' 

Incombustible  residuum  78.29 

100.00 

The  residuum  consists  mainly  of  silica,  the  substance  being  a  silicious 
shale  highly  impregnated  with  bitumen.  It  contains  no  trace  of  or- 
ganic remains,  either  of  animals  or  plants. 

The  rock  was  pulverized  and  digested  in  chlorohydric  acid,  which 
took  up  only  a  small  portion,  without  producing  any  effervescence. 
The  solution  contained  0.75  per  cent  of  lime  and  3.22  of  oxide  of 
iron,  with  traces  of  magnesia  and  the  alkalies. 

Specimen  from  Hawley^s  mill,  Little  Makoqueta  river,  near  Channingsville, 

This  is  a  rather  dark  yellowish-brown  shale,  which  contains  a  few 
fragments  of  Lingula  and  numerous  minute  black  points,  which  ap- 
pear to  be  organic  matter,  scattered  through  the  mass. 

Its  composition  was  found  to  be  as  follows  : 

Moisture  1.20 

Volatile  combustible  substance    8.16  )  total  combustible  )  ^^  ^^ 
Fixed  combustible  substance        2.85  )        substances       J  H-Ol 
Silicious    incombustible    resi- 
duum 87.79 

moo 
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Specimen  from  near  Dubuque,  taken  from  a  shaft  near  Levins's  diggings, 

A  light  yellowish-brown  rock,  fading  to  light  ash-color,  with  a 
tinge  of  blue,  on  being  exposed  for  some  to  the  air.  The  rock  is  some- 
what shaly  in  structure,  but  the  layers  are  rather  thick,  and  between 
them  are  numerous  fossils,  chiefly  very  minute  lAngula.  Both  this 
and  the  preceding  specimen  turned  jet-black  when  heated  in  the 
closed  crucible,  and  gave  off  considerable  gas,  which  burned  with  a 
bright  clear  flame. 

The  rock  contains  : 

Moisture  .54 

Volatile  oombustible  snbstanoe    8.26  )  total  oombustible  i 

Fixed  combustible  snbsUnoe       8.03  >        substances       \  l«-29 

Silicions    incombustible    resi- 
duum 83.17 


100.00 


The  presence  of  carbon  in  the  shales  of  the  Hudson^river 
group,  over  so  extensive  a  region,  and  in  such  large  quanti- 
ty, is  not  only  a  matter  of  very  considerable  economical 
importance,  as  indicating  a  source  from  which,  in  those  parts 
of  the  country  where  the  true  Carboniferous  rocks,  or  Coal 
measures,  are  wanting,  a  supply  of  material  for  lighting  and, 
perhaps,  heating  purposes,  may  hereafter  be  obtained ;  but 
it  is  also  of  great  interest  in  a  theoretical  point  of  view,  as 
bearing  on  the  question  of  the  origin  of  the  carbon  of  the 
Coal  measures  themselves.  The  Hudson-river  shales,  with 
the  closely  allied  Utica  slates,  seem  to  have  been  deposited 
under  conditions  somewhat  resembling  those  under  which 
the  true  coal-bearing  rocks  were  accumulated.  The  presence 
of  so  large  a  proportion  of  carbon  in  the  Northwest  becomes 
still  more  striking  from  the  circumstance,  that  neither  do 
the  rocks  below,  nor  those  above,  up  as  high  in  the  series 
as  the  Coal  measures,  contain  more  than  the  merest  trace 
of  carbonaceous  matters.  From  the  base  of  the  Potsdam  to 
the  top  of  the  Gralena,  the  whole  amount  of  carbon  present 
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in  the  series  would  not,  if  collected  into  one  layer,  make  a 
deposit  of  more  than  an  inch  or  two  in  thickness ;  but  if 
the  bituminous  portion  of  the  Hudson-river  group  at  Savan- 
nah, Illinois,  had  all  been  deposited  by  itself  in  one  stratum, 
instead  of  having  been  diffused  through  eighty  feet  of  shale, 
that  stratum  would  have  equalled  at  least  twenty  feet,  and 
perhaps  twenty-five  in  thickness. 

The  question  arises,  whence  did  this  large  amount  of  bitu- 
minous matter  derive  its  origin  ?  If  identical  in  this  respect 
with  the  carboniferous  layers  of  the  true  Coal  measures,  why 
do  we  find  so  few  traces  of  the  existence  of  vegetation  dur- 
ing the  period  of  the  deposition  of  the  Hudson-river  shales  ? 
Admitting,  as  most  geologists  do,  that  the  carbon  of  the 
Coal-measures  were  derived  from  the  growth  and  decay  of 
that  vegetation  whose  remains  are  so  abundantly  scattered 
through  the  rocks  which  are  associated  with  the  coal,  and 
which  are  (^ten  seen  to  make  up  so  large  a  proportion  of  the 
coal  itself,  why  should  we  not  find  some  indications  of  simi- 
lar conditions  having  prevailed  during  the  accumulation  of 
so  large  an  amount  of  carbon,  as  has  been  shown  above  to  be 
present  in  the  Hudson-river  series,  over  so  wide  a  region  ? 
There  are  layers  in  which  animal  remains  are  accumulated 
in  great  numbers;  but  no  trace  of  vegetable  life  has  yet 
been  observed  in  this  group,  anywhere  in  the  Northwest  : 
in  New- York  a  few  obscure  fucoids  have  been  found  in  some 
portionis  of  the  series ;  but  the  most  highly  bituminous  strata 
seem  to  present  but  little  evidence  to  justify  the  conclusion 
that  the  carbon  which  they  contain  was  due  to  vegetation 
alone.  It  is  to  be  hoped  that  future  researches  into  the  natur^a 
of  the  carbonaceous  matter  of  the  Hudson-river  group  may 
throw  some  light  on  the  interesting  question  whether  it  was 
of  organic  or  inorganic  origin ;  and,  if  derived  from  orga- 
nized bodies,  whether  these  were  of  animal  or  vegetable 
character. 
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NIAGABA  LIMESTONE. 

The  Niagara  limestone  is  the  third  great  mass  of  dolomite, 
which  throughout  the  valley  of  the  Upper  Mississippi  lies 
next  above  the  Hudson-river  shales,  and  which,  from  its 
thickness  and  persistency  of  lithological  and  palaaontological 
characters  over  a  vast  extent  of  surface,  forms  one  of  the 
most  important  members  of  the  geological  series.  It  is  the 
rock  which,  prior  to  the  recognition  of  the  Hudson-river 
shales  in  the  northwestern  mineral  region,  was  known  under 
the  designation  of  the  **  Coralline  and  Pentamerus  beds  of 
the  Upper  Magnesian  limestone". 

This  limestone  occupies  a  very  considerable  extent  of 
surface  in  the  State  of  Iowa,  as  will  be  seen  by  reference 
to  the  geological  map  accompanying  this  Report.  It  has  been 
traced  from  the  centre  of  New-York,  where  it  is  first  recog- 
nized as  a  distinct  formation,  across  the  river  at  Niagara  faUs, 
from  which  locality  it  receives  its  name,  and  where  it  is  well 
developed  and  admirably  exhibited  in  the  gorge  of  the  falls. 
It  is  also  seen  in  fine  sections  on  the  islands  which  lie  to  the 
south  of  Georgian  bay,  as  well  as  along  the  north  shore  of 
Lake  Huron,  and  in  the  vicinity  of  the  mouth  of  the  St. 
Mary's  river.  It  crops  out  on  the  north  shore  of  Lake  Michi- 
gan and  on  the  east  side  of  Green  bay,  where  it  forms  bold 
blufis  in  which  its  characters  may  be  conveniently  studied. 
Bending  to  the  south,  it  forms  the  western  side  of  Lake 
Michigan,  passes  through  the  north  of  Illinois  and  crosses 
the  Mississippi  into  Iowa,  pursuing  its  course  in  a  north- 
westerly direction  to  the  Minnesota  line,  beyond  which  it  has 
not  yet  been  traced. 

In  its  lithological  character,  the  Niagara  limestone,  as  de- 
veloped in  the  Mississippi  valley,  is  quite  homogeneous,  the 
variations  of  structure  which  it  presents  being  much  lesa 
marked  than  those  which  the  same  formation  exhibits  farther 
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east.  In  its  normal  condition  it  is  a  light  yellowish-grey  rock, 
varying  in  shade  from  a  Warm  and  decidedly  yellow  tinge 
to  a  cooler  hrown.  Its  structure  is  somewhat  less  crystalline* 
and  more  compact  than  that  of  either  of  the  magnesian  rocks 
below  it,  and  it«  stratification  is  more  distinctly  marked.  Still, 
in  hand  specimens,  it  would  often  be  difficult  to  distinguish 
the  Niagara  from  the  Galena  limestone.  The  former  does  not, 
1  owever,  weather  as  unequally  as  the  latter,  so  that  it  dbes 
not  present  such  fantastic  and  picturesque  forms,  where  ex- 
posed to  the  weather  in  elevated  cliffs.  Silicious  matter  is 
abundantly  present  in  the  Niagara,  especially  in  its  middle 
and  lower  portion,  in  the  form  of  nodules  of  flint  arranged 
in  irregular  layers.  This  tendency  to  silicification  exhibits 
itself,  throughout  the  formation,  in  the  fact  that  all  the  corals 
which  occur  in  it  so  abundantly  have  been  converted  into 
silica.  In  the  Blue  mounds,  in  Wisconsin,  the  whole  thickness 
of  the  Niagara  which  is  exposed  has  been  converted  into 
flint ;  and,  thus  hardened,  it  has  been  able  to  resist  the  de- 
nuding influences  which  have  swept  off  the  rocks  in  the 
adjacent  region,  down  as  low  as  the  upper  surface  of  the 
Galena  limestone. 

The  entire  thickness  of  the  formation  in  Iowa  cannot  be 
accurately  given,  as  there  is  no  section  in  which  the  whole 
of  the  Niagara  is  exposed  in  its  relations  to  the  over  and 
imderlying  rocks.  As  developed  in  Western  New-York,  the 
Niagara  shales  and  limestone  together  have  a  thickness  of 
about  two  hundred  and  sixty  feet.  There  seems  to  be  a  gra- 
dual thickening  of  this  member  of  the  series  towards  the 
west,  as  in  the  sections  measured  by  the  different  geological 
corps  along  the  north  shores  of  Lakes  Huron  and  Michigan, 
a  development  of  the  Niagara  and  Clinton  groups,  which 
throughout  the  West  cannot  be  separated  from  each  other, 
equal  to  from  three  hundred  and  fifty  to  five  hundred  and 
sixty  feet  has  been  shown  to  exist.  In  Iowa,  the  greatest 
thickness  observed  in  any  one  section  is  about  two  hundred 
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and  fifty  feet,  and  probably  three  hundred  and  fifty  may  be 
taken  as  the  maximum  development  of  this  limestone.  The 
observations  made  lower  down  on  the  Mississippi  river  ap- 
pear to  indicate  a  rapid  thinning  out  in  that  direction* 

The  Niagara  limestone,  in  its  chemical  composition,  hardly 
differs  At  all  from  the  Galena,  being  essentially  a  nearly  pure 
dolomite,  with  a  small  quantity  of  insoluble  matters,  which 
rarely  exceeds  two  or  three  per  cent  of  the  whole.  There  is 
usually,  however,  a  trifling  excess  of  carbonate  of  lime  over 
what  would  be  required  to  form  a  compound  consisting  of 
one  atom  of  each  of  the  carbonates  of  lime  and  magnesia. 
The  insoluble  portion  consists  chiefly  of  silica,  or  silicious 
sand,  without  much  alumina. 

The  annexed  analyses  will  serve  to  illustrate  the  chemical 
composition  of  the  Niagara  limestone  : 

Specimen  from  Hickory  grove,  Jackson  county,  from  the  upper  beds  of  the 

Niagara, 

The  color  of  this  rock  is  a  decided  yellow  or  straw-color,  deeper 
than  has  been  observed  in  any  other  rock  in  this  region.  It  is  some- 
what crystalline  \  but  the  crystalline  character  is  masked  by  the 
numerous  minute  cavities  it  contains,  which  give  it  the  appearance 
of  a  soft  porous  rock.  These  cavities  are  seen,  on  examination  with 
the  magnifying  glass,  to  have  been  once  occupied  by  organic  bodies, 
mostly  the  stems  and  plates  of  minute  crinoids. 
The  analyses  gave  : 

Insoluble  in  aoid 

Protoxide  of  iron,  and  a  little  peroz.   .35 

Lime 

Magnesia 

Soda,  and  trace  potasH 

Glilorine  and  Bulplmrio  aoid 

Carbonic  aoid 

Lobs 

100.00       100.00 
46.4263  grammes  of  this  limestone  were  burnt  in  the  crucible,  and 
exhausted  with  water.  In  the  solution  tiiere  was  0.0149  gramme  ot 


I. 

II. 

.90 

.96 

X.  .85 

.45  =      .72  oarb.  iron 

30.98 

80.67  =  54.76  carb.  lime 

21.05 

20.69  =  43.46  carb.  mag. 

(.18) 

.18 

traces 

traces 

46.54 

46.54 

.51 
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the  carbonates  of  the  alkalies,  in  which  soda  greatly  predominated 
in  quantity. 

This  is  nearly  a  pure  dolomite,  there  being  but  a  very  trifling 
excess  of  lime  over  that  required  to  form  the  double  carbonate.  The 
rock  is  valuable  for  lime,  but  is  too  porous  to  be  used  with  advantage 
as  a  building-stone. 

Specimen  fram  Wiky^s  quarry,  one  mile  southeast  of  West' Union, 
Fayette  county. 

This  is  a  dark  yellowish-grey  limestone,  with  a  few  very  minute 
cavities  scattered  through  it,  which  are  in  some  instances  filled  with 
bituminous  matter.  On  examination  the  rock  is  found  to  be  made  up 
of  a  compact,  crystalline,  dolomitic  mass,  through  which  are  dis- 
seminated numerous  imperfectly  developed  crystals  of  calc.  spar, 
which  give  it  a  peculiar  vitreous  lustre  when  held  in  such  a  position 
that  the  light  is  reflected  from  the  faces  of  the  crystals  to  the  eye. 

This  rock  forms  a  good  and  durable  building-stone  for  common 
purposes,  and  is  used  in  the  town  of  West-Union. 

The  analysis  gave  as  follows  : 

Insolable  in  acid  4.16 
Alumina  and  a  little  oxide  of  iron      1.01 

Carbonate  of  lime  66.01 

Carbonate  of  magnesia  28.52 

Carbonate  of  soda  .25 

Chlorine  trace 

Loss  -05 

100.00 
There  was  no  potash  present,  and  only  a  faint  trace  of  sulphuric 
acid.  In  this  case,  the  amount  of  carbonate  of  lime  present  is  con- 
siderably greater  than  would  have  been  required  to  form  a  pure 
dolomite  with  the  magnesia  which  the  specimen  contains.  The  in- 
soluble portion  consists  of  a  little  argillaceous  matter  mixed  with 
fine  silicious  sand. 

Specimen  from  Ooodenow's  quarry,  near  Makoqueta,  Jackson  county. 

This  is  a  light  buff-colored  rock,  more  compact  than  the  specimen 
from  Walnut  grove,  although  containing  minute  cavities,  which 
wet«  once  occupied  by  stems  of  crinoids.  It  has  a  few  nodules  of 
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silicioQs  matter  scattered  througli  it;  but  is,  on  the  whole,  a  good 
biiilding-stone,  and  is  quarried  for  that  purpose  extensively  and  used 
in  the  town  of  Makoqueta. 

The  analyses  gave  : 

I.  II. 

.      Insolable  in  acid                                 4.35  3.88 

Alumina  and  peroxide  of  iron  .63 

Carbonate  of  iron  traoe 

Carbonate  of  lime  52.18 

Carbonate  of  magnesia                      42.65  42.64 

Carbonate  of  soda,  and  trace  of  potash  .35 

Loss,  and  traces  of  chlorine  and  solphurio  acid  .32 

100,00 

The  above  analyses  will  be  sufficient  to  exhibit  the  che- 
mical composition  of  the  Niagara  limestone  in  the  Mississippi 
valley,  and  will  demonstrate  how  nearly  it  approaches  in 
character  to  a  pure  dolomite,  and  how  nearly  allied  it  is  to 
the  two  great  masses  of  the  same  material  which  lie  beneath 
it. 

Remarkable  as  is  the  resemblance  in  lithological  character 
between  the  various  dolomitic  beds  of  the  Silurian  series  in 
the  Northwest,  the  fossils  which  they  contain  are  entirely 
different.  The  Niagara  limestone,  as  developed  in  that  region, 
is  peculiarly  a  coralline  rock,  as  this  class  of  fossils  is  usually 
found  in  it  in  much  greater  abundance  than  any  others. 
There  are  localities,  however,  where  great  masses  of  the 
Pentamerus  oblongus  are  crowded  together  into  a  limited 
space ;  as  is  also  the  case  along  the  north  shore  of  Lake 
Michigan,  where  this  rock  has  already  assumed  nearly  the 
same  character,  both  lithological  and  palaaontological,  which 
it  maintains  as  far  west  as  it  has  yet  been  traced.  Hand 
specimens  of  the  Niagara  limestone,  from  the  region  of  Big 
Bay  des  Noquets,  could  with  difficulty  be  distinguished  from 
others  collected  at  various  points  in  Iowa. 

The  brachiopods  of  the  Niagara  in  the  western  region  are 
almost  exclusively  preserved  as  casts;  the  original  shell 
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being  generally  entirely  removed,  although  occasionally 
partially  retained,  and,  in  such  cases,  converted  into  silex. 
In  some  localities,  the  cavity  left  by  the  shdl  is  often  lined 
with  small  crystals  of  dolomite.  The  corals,  which  have  fre- 
quently been  preserved  in  a  tolerably  perfect  condition,  are 
always  converted  into  silex ;  and  being  consequently  but 
little  liable  to  destruction,  they  collect  in  considerable  quan- 
tities in  some  localities  where  the  rock  itself  has  been  de- 
composed. This  would  give  the  formation  the  appearance  of 
being  a  highly  fossiliferous  one ;  whereas,  in  truth,  the  actual 
number  of  individual  specimens  present  in  this  limestone  is 
everywhere  small  in  comparison  with  the  mass  of  the  rock, 
except  in  the  case  of  the  occasional  Pentamerus  beds.  The 
silicified  corals  are  frequently  covered  on  the  exterior  with 
a  fine  network  of  concentrically-circular  markings  or  grooves, 
evidently  due  to  a  peculiar  concretionary  arrangement  of  the 
silicious  particles,  which  probably  pervades  the  whole  mass, 
and  has  been  made  apparent  on  the  surface  by  weathering. 
The  accidental  minerals  of  the  Niagara  limestone,  in  the 
Mississippi  valley,  are  exceedingly  few,  and  in  no  locality 
are  they  of  any  economical  importance.  The  localities  of 
brown  hematite  in  Jackson  and  Clinton  counties  are  nume- 
rous ;  but  the  ore  has  never  been  found  in  regular  beds,  or  in 
sufficient  quantity  to  be  worked  for  iron.  It  seems  from  its 
peculiar  position,  and  from  the  fact  that  it  is  often  found  in 
crystals  which  are  pseudomorphs  of  those  of  iron  pyrites, 
to  have  been  derived  from  the  decomposition  of  this  sub- 
stance. Sulphuret  of  lead  is  reported  to  have  been  found  in 
many  places  in  the  Niagara  limestone,  but  has  never  been 
worked  to  a  profit  in  that  rock  :  indeed,  it  appears  most 
probable  that  the  larger  portion  of  the  reported  localities  have 
their  origin  in  some  speculative  attempt  to  sell  land,  on  the 
strength  of  its  presumed  mineral  value.  The  lithological 
character  of  the  Niagara  being  so  similar  to  that  of  the  real 
lead-bearing  rock,  it  is  not  surprising  that  it  should  often 
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have  been  regarded  as  identical  with  it,  and  mineral  treasures 
presumed  to  exist  in  it. 

When  the  Niagara  limestone  is  regularly  bedded  and  not 
filled  with  cherty  masses,  it  becomes  an  excellent  building 
stone,  as  it  usually  proves  durable  and  unchangeable  in  color 
when  exposed  to  the  weather.  The  thick  and  unevenly  stra- 
tified layers,  as  well  as  the  more  brittle  ones,  have  much 
less  value  for  architectural  purposes. 


GROUPS  INTERMEDIATE  BETWEEN  THE  NIAGARA  AND 

HAMILTON. 

The  Leclaire  limestone  appears  to  resemble  the  Niagara 
pretty  closely  in  chemical  composition,  although  differing 
from  it  somewhat  in  its  external  characters.  A  partial  ansr 
lysis  of  a  specimen  from  near  Leclaire  were  made,  at  our 
request,  by  Dr.  0.  F.  Chandler,  with  the  following  results  : 

Insoluble  silicates,  or  sand  0.42 

Oxide  of  iron  and  alumina  0.53 

Carbonate  of  lime  57.54 

Carbonate  of  magnesia  ( by  loss )  41.51 

100.00 

The  specimen  analysed  was  a  light  grey  crystalline  rock,  filled 
with  small  cavities,  which  were  once  occupied  by  a  species  of  bracbi- 
opod,  the  remains  of  whose  spiral  apparatus  may  still  be  observed  in 
numeirous  instances.  These  cavities  are  seen,  on  examination  with  the 
magnifying  glass,  to  be  lined  with  small  crystals  of  pearl-fpar  en 
dolomite.  The  very  small  amount  of  insoluble  matter  prsient  in  this 
rock  is  remarkable. 

This  limestcme  is  too  porous  to  be  of  any  value  as  a 
building-stone  :  it  will  make  good  lime.  What  may  be  the 
conditions  of  structure  and  composition  with  which  the  Le« 
claire  limestone  appears  in  other  localities  is  not  known :  this 
peculiar  rock  has  only  been  noticed  <m  tibe  Mississippi,  and  a 
few  mUes  back  in  the  inieriw^  near  Walnut  gpore. 
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Two  specimens  from  the  vicinity  of  Leclaire  were  ana- 
lysed, which  are  supposed  to  belong  to  the  Onondaga-salt 
group- 

Specimen  from  Quarry  creek. 

This  specimen,  which  was  marked  "  Quarry  creek — ^middle  of  the 
quarry''  (  see  section  on  page  79),  was  found  to  be  a  soft  and  some- 
what friable  rock,  without  any  decided  crystalline  structure,  although 
nearly  a  pure  dolomite.  It  has  a  greyish-yellow  color,  with  delicate 
bands  of  a  dark  ferruginous  stain  crossing  it  in  a  direction  parallel 
with  the  lines  of  stratification. 

The  analysis  gave  : 

Insoluble  in  acids,  mostly  sand  3.77 

Carbonate  of  iron  and  a  little  oxide  of  iron  2.23 

Carbonate  of  lime  53.76 

Carbonate  of  magnesia  39.05 
Carbonate  of  soda,  chlorides  of  sodium  and 

potassium,  sulphate  of  lime  and  loss  1.19 

100.00 

This  specimen  does  not  differ  much  in  composition  from  the  ave- 
rage of  the  Niagara  beds,  except  that  it  contains  a  little  more  iron; 
but  it  is  softer  and  less  crystalline  than  that  rock,  as  it  is^usually 
seen.  It  would  appear,  as  far  as  can  be  judged  ifrom  the  examination 
of  a  hand  specimen,  that  this  is  rather  too  soft  a  material,  and  too 
much  exposed  to  become  stained  by  the  oxidation  of  the  iron  it  con- 
tains, to  be  recommended  as  a  building-stone. 

Specimen  marked  ^^Leelaire^  Upper  beds.*^ 

This  rock  is  of  a  rather  dark  brownish-yellow  color.  It  is  soft  and 
rather  friable,  having  very  little  crystalline  structure.  There  are  oc- 
casional minute  black  specks  scattered  through  it,  which  appear  to 
consist  of  bituminous  matter. 

The  analysis  gave  as  follows  : 
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Silica  and  insoluble  silicates 

6.70 

Peroxide  of  iron,  and  a  little 

protoxide 

.80 

Lime 

29.06  = 

51.89  carb. 

lime. 

Magnesia 

19.32  = 

40.49  carb. 

mag. 

Soda 

.11 

Sulphuric  acid  and  chlorine 

minute  traces 

Carbonic  acid 

43.55 

Loss 

.46 

100.00 

For  particulars  as  to  the  thickness  and  range  of  the  beds 
referred  to  the  geological  position  of  the  Onondaga-salt 
group,  see  page  76,  of  a  preceding  chapter.  It  does  not  ap- 
pear that  any  of  the  economically  valuable  products  peculiar 
to  this  group  in  New- York  have  been  discovered  in  this 
,  region.  The  existence  of  strata  of  this  age  had  not  been  pre- 
viously recognised  at  any  point  west  of  Mackinac  and  its 
immediate,  vicinity,  where  the  Onondaga^salt  group  occurs 
in  isolated  patches  of  considerable  thickness,  but  of  limited 
extent,  and  characterized  by  the  presence  of  gypsum,  al- 
though not  in  sufficient  quantity  to  be  of  much  economical 
value.  The  peculiar  character  of  the  surface  in  Iowa  will 
render  the  farther  tracing  into  the  interior  of  a  group,  of 
which  only  a  few  thin  fragments  are  left,  a  matter  of  consi- 
derable difficulty. 

HAMILTON  GROUP. 

The  rocks  which  may  be  referred  to  this  geological  posi- 
tion cover  a  very  considerable  extent  of  surface  within  the 
State  of  Iowa,  expanding  in  a  northwesterly  direction,  so  as 
to  occupy,  near  the  Minnesota  line,  a  space  over  a  hundred 
miles  in  width  from  east  to  west.  The  series  of  strata  de- 
scribed in  the  New- York  Reports  under  the  name  of  the 
"Upper  Helderberg  group"  has  not  been  distinctly  made 
out  in  the  interior  of  the  State  of  Iowa;  and  whether  thia 
group  does  occur,  to  the  west  of  the  Mississippi,  remains  yet 
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to  be  decided,  the  limited  exposures  rendering  the  tracing 
out  of  any  beds,  which  are  not  marked  by  an  abundance  of 
fossils,  a  very  difficult  task,  after  leaving  the  river.  The 
complete  connection  of  the  Upper  Silurian  and  Devonian 
strata,  as  developed  in  the  West,  with  the  groups  of  the  same 
age,  recognized  by  the  New- York  geologists,  requires  much 
more  extended  and  careful  observations  of  these  rocks  in 
the  States  of  Ohio,  Michigan  and  Indiana  than  has  as  yet 
been  made;  the  subdivision  of  the  wholesale  grouping 
adopted  in  the  first,  necessarily  rapid,  reconnaisance  of  an 
extended  region,  being  always  a  matter  demanding  much 
careful  investigation  on  the  part  of  the  geologist. 

In  the  State  of  New- York,  the  predominating  materials 
of  the  Hamilton  group  are  silicious  and  argillaceous  :  the 
series  being  made  up  of  slates,  shales  and  sandstones,  in 
which  the  amount  of  calcareous  matter  present  appears  to  be 
usually  quite  small.  A  black  and  probably  quite  carbonaceous 
slate  seems  to  be  characteristic  of  this  period  throughout  a 
large  portion  of  the  West  :  in  Canada,  indeed,  the  shales  of 
this  age  are  highly  bituminous,  yielding,  in  some  localties, 
large  quantities  of  naptha,  on  distillation.  Beyond  the  Missis- 
sippi, however,  the  rocks  referred  to  the  age  of  the  Hamilton 
are  almost  exclusively  calcareous,  or  calcareo-magnesian  : 
the  carboniferous  shales  appear  to  be  wholly  wanting  in  that 
region.  Near  the  eastern  line  of  Iowa  the  purely  calcareous 
beds  predominate,  but  they  contain  occasional  bands  in 
which  argillaceous  matter  is  abundant,  and  these  are  usually 
crowded  with  fossils.  Farther  to  the  northwest,  near  the 
northern  boundary  of  the  State,  we  find  the  rocks  of  Hamil- 
ton age,  quite  varying  in  their  lithological  characters,  but 
always  containing  more  or  less  carbonate  of  magnesia,  not 
in  sufficient  quantity,  however,  to  form  dolomite.  The  quan- 
tity of  argillaceous  and  silicious  matter  present  in  these 
magnesian  limestones  is  quite  variable,  but  never  very  large. 

In  regard  to  the  thickness  of  this  group  as  developed  in 


372  CHEBIISTBT  AND  ECONOMICAL  OEOLOOT. 

Iowa,  we  find  it  impossible  to  offer  anything  more  than 
conjectures.  Generally,  the  exposures  of  the  rock  are  such  as 
only  to  display  a  few  feet  in  thickness,  while  its  junction 
with  the  over  or  underlying  groups  is  rarely  to  be  seen.  The 
greatest  thickness  exposed  in  a  single  section,  referable  to 
the  Hamilton  group,  is  about  100  feet.  There  seems  to  be 
considerable  irregularity  in  the  dip  of  the  rocks  of  this  re- 
gion, especially  after  rising  above  the  Silurian  series ;  so  that 
any  calculations  of  the  thickness  of  the  group  in  question, 
based  on  the  width  of  the  area  occupied  by  it,  would  have 
little  value. 

The  annexed  analyses  will  show  the  chemical  composi- 
tion of  some  of  the  most  important  varieties  of  this  rock,  as 
exhibited  in  the  Mississippi  valley. 

Limestone  from  a  quarry  one  mile  above  Rock  island^  Illinois. 

This  specimen  was  selected  for  analysis  as  representing  the  cha- 
racter of  a  large  portion  of  the  beds  of  the  Hamilton  group  in  this 
region.  It  is  a  fine-grained,  compact  and  homogeneous  rock,  hardly 
exhibiting  any  trace  of  crystalline  structure,  until  examined  by  the 
magnifying  glass.  It  has  a  somewhat  conchoidal  fracture,  and  is  some- 
what soft,  but  appears  to  grow  harder  after  being  taken  from  th.e 
quarry  :  its  color  is  a  light  bluish-grey.  It  is  one  of  the  purest  lime- 
stones which  has  been  found  in  the  whole  western  country,  as  will 
be  seen  from  the  following  analysis  : 

Insoluble  in  acid  .42 

Carbonate  of  iron  .36 

Carbonate  of  lime  98.77 

Loss,  alkalies,  etc  .45 

100.00 

This  rock  is  largely  quarried  for  lime,  and  furnishes  the  best  pos- 
sible material  for  that  purpose. 
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Limestone  from  Independence,  Buchanan  county ^  Barker^ s  quarry,  lower 

beds. 

This  is  a  dull,  earthy-looking  rock,  with  a  close  texture  and  ho- 
mogeneous structure.  It  is  of  a  light  yellowish-grey  color,  and  is 
stained  in  fine  waving  lines  with  oxide  of  iron.  It  is  quarried  for 
building-stone  and  for  lime,  for  either  of  which  purposes  it  is 
well  adapted. 

It  contains  : 


Insoluble  in  acid 

10.02 

Carbonate  of  iron 

.98 

Carbonate  of  lime 

87.95 

Alkalies,  magnesia,  etc 

1.05 

100.00 
Magnesian  limestone,  Shellrock  creek,  Rockford, 

The  rocks  from  this  neighborhood  are  quite  destitute  of  fossils,  and 
are  referred  with  some  hesitation  to  the  upper  part  of  the  Hamilton, 
or,  possibly,  the  Chemung  group.  The  specimen  of  which  the  analysis 
follows,  is  a  light  buff-grey  rock  and  not  crystalline,  but  rather 
earthy  in  its  texture. 

The  analysis  gave  : 

Insoluble  in  acid,  clay  6.56 

Peroxide  of  iron  and  a  little  alumina  1.01 

Carbonate  of  lime  55.09 

Carbonate  of  magnesia  (by  loss)  87.34 

100.00 

Another  specimen  from  the  same  locality  was  found,  on  examina- 
tion, to  be  a  soft  argillaceous  magnesian  limestone,  closely  resembling 
the  preceding  one  in  composition,  but  containing  a  trifle  larger  per- 
centage of  argillaceous  insoluble  substance,  namely,  8.3  per  cent. 

Magnesian  limestone  from  Limekiln  at  Newburg,  Mitchell  county. 

This  specimen  was  taken  from  a  quarry  near  Newburg,  on  Cedar 
river,  and  probably  belongs  to  bed  No.  10,  of  the  section  at  that  place, 
given  on  page  311  of  the  preceding  chapter.  It  is  a  dull  earthy  look- 
ing limestone,  of  a  light-yellow  color,  with  concretionary  bands  of 
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a  darker  shade  of  a  brownish-yellow  :  it  has  an  imperfect  laminated 
structure.  This  rock,  when  first  quarried,  is  quite  soft,  so  that  it  may 
be  easily  cut  with  a  knife  ;  but  it  soon  hardens  on  exposure.  There 
are  occasional  blotches  of  calc.  spar  scattered  through  it. 

The  analysis  gave  : 


Insoluble  clayey  substance 

2.52 

Carbonate  of  iron,  with  traces  of  oxide 
of  iron  and  alumina 

.48 

Carbonate  of  lime 

81.06 

Carbonate  of  magnesia 

Carbonates   of   soda  and  potash, 
traces  of  the  chlorides 

with 

16.72 
.19 

Trace  of  sulphuric  acid  and  loss 

.03 

100.00 
A  rock  very  similar  to  the  one  of  which  the  analysis  is  given  above 
was  observed  by  Prof.  Hungerford  in  the  section  at  Crane  creek 
(  No.  4  of  section  on  page  306).  A  specimen  from  this  locality,  how- 
ever, was  found  to  contain  more  argillaceous  matter  and  iron.  A 
partial  analysis  was  made  of  the  Crane  creek  specimen,  which  gave  : 

Insoluble,  mostly  clay  10.07 

Alumina,  in  soluble  portion  2.40 

The  remainder  consisted  of  the  carbonates  of  lime  and  magnesia, 
the  former  in  somewhat  greater  quantity  than  the  latter. 

Dark-Thrown  Magnesian  limestone  from  Shellrock  falls. 

,This  is  a  dark-brown  rock,  somewhat  crystalline  and  rather  close 
in  its  texture.  It  has  an  irregular  fracture,  and  is  interspersed  with 
occasional  blotches  or  irregular  nodules  of  calcareous  spar.  It  is  too 
tough  and  not  sufficiently  homogeneous  to  make  a  good  building-stone. 

According  to  the  analysis,  it  contains  : 


Insoluble  in  acid 

4.58 

Alumina  and  trace  of  iron 

0.77 

Carbonate  of  lime 

57.06 

Carbonate  of  magnesia 

87.31 

Carbonate  of  soda 

.23 

Chloride  of  sodium  and  loss 

.05 

100.00 
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Sparry  Magnesxan  limestone  from  Shellrock  falls. 

This  specimen  is  a  light-grey,  hard,  crystalline,  sparry  limestone, 
differing  somewhat  in  texture  and  appearance  from  any  other  collected 
on  the  survey,  but  most  resembling  some  of  the  rocks  belonging  to 
the  Carboniferous  limestone  series. 

The  analysis  gave  : 

Insoluble  in  acids  .80 

Alumina  and  trace  oxide  of  iron  1.10 

Carbonate  of  lime  64.«50 
Carbonate  of  magnesia,  including  a  little 

carbonate  of  soda  and  loss  83.60 

100.00 

The  Hamilton  group  does  not  contain,  in  the  State  of 
Iowa,  any  metalliferous  ores  of  importance,  nor  are  there 
any  accidental  crystallized  minerals  foimd  in  it. 

The  number  and  variety  of  the  organic  remains  which 
characterize  the  rocks  of  this  age  are  very  great,  although 
there  are  some  districts,  towards  the  north  boundary  of  the 
State,  where  there  is  a  considerable  thickness  of  the  strata 
referred  to  this  group,  without  any  traces  of  fossils.  The 
similarity  of  lithological  character  between  the  Trenton  and 
Hamilton  rocks,  in  the  Northwest,  is  worthy  of  being  noticed 
as  connected  with  the  remarkable  number  of  organic  re- 
mains found  in  the  two  groups.  They  are  the  first  accumula- 
tion of  nearly  pure  carbonate  of  lime  which  took  place  in 
the  earlier  geological  period ;  and  it  is  reasonable  to  infer 
that  the  large  part  of  the  material  of  which  the  fossiliferous 
beds  consist  was  eliminated  from  the  surrounding  water  by 
the  animals  whose  remains  are  entombed  in  the  rocks.  When 
carbonate  of  magnesia  begins  to  be  present  in  considerable 
quantity,  we  find  the  number  of  the  individuals  and  species 
much  less  than  it  was  where  the  rocks  were  almost  purely 
calcareous. 
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We  notice,  as  we  ascend  in  the  geological  series,  a  greater 
variety  of  lithological  character  in  the  rocks  of  each  suc- 
cessive group;  which,  taken  in  connection  with  the  more 
irregular  accumulation  of  the  sediments  in  the  district  under 
consideration,  as  evinced  by  the  unequal  thickness  of  the 
various  groups  and  their  subdivisions,  exhibited  in  sections 
taken  at  different  points,  indicates  that  the  great  uniformity 
of  condition  which  prevailed  over  the  region  during  the 
earliest  period  was  gradually  broken  up,  and  modified  by  the 
action  of  local  causes. 

CHEMUNG  GROUP. 

The  rocks  which  are  referred  to  this  position,  in  the  State 
of  Iowa,  cover  but  a  very  limited  surface,  and  they  have  been 
as  yet  but  little  investigated  in  reference  to  their  connection 
with  the  strata  of  the  same  age  at  the  East.  In  the  State 
of  New- York,  the  Chemung  group  is  made  up  of  a  highly 
fossiliferous  series  of  shales  and  thinbedded  sandstones,  with 
occasional  calcareous  layers  resulting  from  the  aggregation 
of  organic  remains. 

In  Iowa  the  group  is  chiefly  represented  by  certain  sili- 
cious  shales,  which  vary  much  in  lithological  characters 
at  different  points  in  close  proximity  to  each  other.  There 
is  a  thickness  of  somewhat  over  a  hundred  feet  of  beds, 
which  are  referred  to  the  Chemung  group,  exposed  at  Bur- 
lington, and  this  appears  to  be  its  maximum  development 
in  this  region.  The  strata  at  that  place  are  chiefly  silicious 
shales,  irregularly  bedded,  and  readily  breaking  up  on  expo- 
sure to  the  weather  :  they  are,  consequently,  of  no  value 
whatever,  either  for  lime  or  as  a  building  material.  Towards 
the  north  line  of  the  State,  the  rocks  of  this  age  appear  to 
become  more  calcareous.  This  would  agree  with  the  compo^ 
sition  of  the  rocks  of  the  Chemung  group  in  Missouri,  wher* 
the  series  referred  to  that  position  by  the  State  Geologist  i^ 
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composed  chiefly  of  one  set  of  calcareous  and  another  of 
calcareo-magnesian  limestones,  with  a  variable  thickness  of 
impure  shale  and  sandstone  between  them. 

Specimen  from  Lower  beds  at  Burlington, 

This  is  an  earthy  easily-decomposing  rock,  of  various  shades  of 
bluish-grey.  It  is  rather  thinbedded,  and  not  very  distinctly  stratified, 
having  in  many  places  a  concretionary  structure.  From  its  appear- 
ance, it  was  supposed  that  it  might  possibly  be  valuable  as  a  hydrau- 
lic cement  :  but  it  appears  to  be,  in  reality,  a  very  silicious  rock, 
containing  only  a  small  per-centage  of  carbonate  of  lime. 
The  analysis  gave  : 

Insoluble  in  acid  92.69 

Carbonate  of  lime  3.24 

Carbonate  of  magnesia  2.57 

Carbonate  of  iron  1.16 

Chlorides  of  sodium  and  potassium  .08 

Loss  .26 


100.00 

The  insoluble  portion   consisted  chiefly  of  silicious  matter,  as 

appears  from  the  following  analysis  of  it  by  fusion  with  carbonate 
of  soda  : 

Silica  87.46 

Oxide  of  iron  2.75 

Alumina  5.94 

Lime  none 

Magnesia  .43 

Alkalies  (by  loss)  3.42 

100.00 

The  quantity  of  calcareous  matter  in  different  layers,  and  in  dif- 
ferent portions  of  the  same  layer  of  this  rock,  is  quite  variable. 

Limestone  from  Cedar  falls. 

A  very  light  grey  rock,  weathering  dark  brown,  and  occasionally 
stained  in  the  interior  with  spots  occasioned  by  the  decomposition 
of  iron  pyrites.  It  has  a  somewhat  conchoidal  fracture,  with  a  com- 

[lOWA  SUBVBT.]  48 


378  CHEMISTRY   AND   ECONOMICAL   GEOLOGY. 

pact  structure  and  finely  crystalline  texture.  It  is  too  hard  to  dress 
easily,  and  stains  on  exposure,  which  faults  take  from  its  value  as  a 
building-stone.  It  is  almost  a  pure  limestone,  as  will  be  seen  from 
the  analysis  : 


Insoluble  in  acid 

2.10 

Carbonate  of  lime 

97.48 

Carbonate  of  magnesia 

trace 

Carbonate  of  iron 

.16 

Alkalies,  not  determined,  and  loss 

.26 

100.00 

The  limestone,  of  which  the  analysis  is  given  above,  is  referred 
by  Mr.  Worthen,  with  some  doubt,  to  the  Chemung  group  :  it  is 
entirely  destitute  of  fossils,  and  the  exposure  is  but  limited,  so  that 
its  place  in  the  series  must  remain  uncertain  for  the  present.  The 
quality  of  the  rock  is  such  as  to  make  it  valuable  for  lime;  and 
judging  from  the  specimens  collected,  those  portions  which  are  not 
injured  by  sulphuret  of  iron  will  make  a  good  material  for  building. 


CARBONIFEROUS  LIMESTONES. 

The  series  of  rocks  constituting  the  Carboniferous  lime- 
stones of  the  Mississippi  valley  have  been,  as  yet,  but  im- 
perfectly studied  in  relation  to  lithological  characters  and 
chemical  composition,  and  any  general  remarks  on  these 
subjects  will  be  deferred  until  a  future  report.  It  may,  how- 
ever, be  mentipned  that,  as  we  rise  in  the  series,  we  are  con- 
stantly meeting  with  the  evidences  of  the  action  of  local 
causes ;  the  members  of  each  successive  group  varying  more 
and  more  in  lithological  character  and  thickness,  as  developed 
at  points  not  very  remote  from  each  other,  and  no  longer 
maintaining  that  uniformity  of  texture  and  composition  over 
large  areas,  which  is  so  noticeable  in  the  lower  groups.  On 
the  whole,  the  predominance  of  the  detrital  beds,  and  espe- 
cially of  those  formed  from  the  accumulation  of  organic 
remains,  becomes  more  and  more  marked.  Magnesian  lime- 
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stones  gradually  disappear,  and,  in  the  Carboniferous  series 
appear  to  be  only  met  with  in  a  few  thin  layers,  between 
purely  calcareous  masses. 

The  Burlington  limestone  is  a  white  sparry  limestone, 
frequently  highly  crystalline  in  its  texture.  It  contains  nu- 
merous intercalated  irregular  masses  of  chert,  and  is  cha- 
racterized by  a  profusion  of  organic  remains,  especially  of 
crinoids,  which  sometimes  make  up  nearly  the  whole  mass 
of  the  rock.  No  analyses  have  yet  been  made  of  specimens 
from  this  subdivision  of  the  Carboniferous  limestone  group. 
It  furnishes,  however,  a  tolerable  building-stone,  and  is 
much  sought  for  that  purpose,  especially  in  Des  Moines 
coimty. 

The  Keokuk  limestone  is  an  important  member  of  the 
series  in  an  economical  point  of  view,  as  it  furnishes  a  large 
amount  of  good  building  material.  At  its  base,  it  is  made  up 
in  series  of  thin  bands  of  cherty  matter,  alternating  with 
grey  sub-crystalline  limestone,  and  is  rarely  of  any  value  : 
this  portion  of  the  rock  is  about  forty  feet  thick  in  the  south- 
eastern corner  of  the  State,  but  it  rapidly  thins  out  towards 
the  north.  The  beds  above  the  cherty  layers  consist  chiefly 
of  bluish  grey  sub-crystalline  limestone,  which  is  rather  apt 
to  be  irgured  as  a  building  material,  by  the  presence  of  seams 
and  nodules  of  chert.  Some  of  the  layers  appear  to  be  highly 
magnesian,  but  the  thickness  and  extent  of  these  beds  is  not 
exactly  known,  although  probably  not  exceeding  a  few  feet. 

An  analysis  of  a  specimen  from  the  Asylum  quarry  at 
Mount-Pleasant,  will  exhibit  the  chemical  composition  of 
the  magnesian  layers  in  this  portion  of  the  series. 

Limestone  from  the  Asylum  quarry,  Mount' Pleasant. 

This  rock  is  of  a  dark  yellowish-brown  color.  It  has  rather  an 
earthy  texture,  although  neither  very  homogeneous  or  compact  in  its 
structure.  It  contains  blotches  and  seams  of  calcareous  spar,  and 
occasional  stains  of  copper  as  well  as  of  oxide  of  iron.  Although 


I. 

II. 

ni. 

2.81 

2.18 

2.16 

2.02 

1.06 

67.00 

57.15 

89.24 

.31 

.04 
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resembling  in  appearance  a  rather  argillaceous  rock,  it  is,  as  appears 
from  the  following  analysis,  a  quite  pure  dolomite  : 

Insoluble  in  acids 

Alumina  and  oxide  of  iron 

Carbonate  of  lime 

Carbonate  of  magnesia 

Carbonate  of  soda  and  trace  of  potash 

Chlorine  ( no  sulphuric  acid ) 

'  99.94 

This  very  magnesian  limestone  resembles  greatly,  in  composition 
and  external  characters,  the  dolomitic  members  of  the  Silurian  series. 
Like  those,  it  weathers  irregularly,  and  thus  does  not  furnish  a  hand- 
some building-stone,  although  its  composition  indicates  it  to  be  a 
durable  material. 

Specimen  marked  **  Sipes^s  best  layer^\  Mount-Pleasant, 

The  color  of  this  rock,  taken  as  a  whole,  is  a  light-buflF  5  but  it  is 
not  homogeneous  in  its  structure,  being  made  up  of  numerous  small 
irregular  crystalline  plates  of  calcareous  spar,  which  are  nearly 
transparent  and  colorless,  scattered  through  a  somewhat  silicious 
mass  of  a  buff  color. 

The  analysis  gave  as  follows  : 


Silica  and  insoluble  silicate  of 

iron 

9.23 

Protoxide  of  iron, 

and 

a  little 

peroxide 

.27 

• 

Manganese 

trace 

Lime 

50.01  = 

89.30  carb.  lime 

Magnesia 

.54 

Soda  and  potash 

.21 

Chlorine 

• 

trace 

Carbonic  acid 

38.80 

Loss 

.94 

100.00 
This  specimen  contained  no  sulphuric  acid,  and  only  a  trace  of 
chlorine.  The  appearance  of  this  rock  indicates  that  it  would  be  an. 
excellent  material  for  building,  as  it  dresses  well  under  the  hammer, 
and  has  a  pleasing  shade  of  color,  which  does  not  appear  to  change 
materially  on  exposure. 
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Specimen  from  M^Mahon^s  quarry y  Mount- Ple<uant, 

This  is  a  light  bluish-grey  rock  when  first  quarried,  but  it  soon 
weathers  of  a  dirty  yellow.  It  is  made  up  in  great  part  of  small  cry- 
stals of  calcareous  spar,  disseminated  through,  or  surrounded  by,  a 
soft  and  almost  pulverulent  substance.  It  contains  numerous  frag- 
ments of  fossils  scattered  through  it,  especially  of  bryozooid  forms. 

The  analysis  gave  : 

Insoluble  in  aoid  10.69 

Alumina,  oxide  of  iron  and   trace  of 

manganese  .75 

Carbonate  of  lime  79.36 

Carbonate  of  magnesia  7.90 

Loss,  soda,  potash,  chlorine,  sulphuric 

acid  1.30 


100.00 
The  preceding  analyses  of  the  limestones  belonging  to  the 
Keokuk  series  show  that  they  are  usually  pretty  pure  car- 
bonate of  lime.  Some  of  the  layers  contain,  however,  minute 
particles  of  sulphuret  of  iron  scattered  through  the  mass ; 
and,  in  this  case,  they  soon  stain  on  exposure  to  the  weather. 
Some  of  the  rocks  quarried  at  Mount-Pleasant  and  used  in 
building  the  Asylum  for  the  Insane,  have  been  found,  on  ac- 
tual trial,  not  to  endure  as  well  as  would  have  been  expected 
from  an  inspection  of  them  when  first  quarried.  When  the 
material  is  so  distinctly  stratified  as  is  the  case  in  this  re- 
gion, it  not  unfrequently  happens  that  the  blocks  have  not 
sufficient  coherence  between  the  laminae  to  admit  of  th^ir 
being  set  up  on  edge  in  the  building.  They  should  be  laid  in 
the  walls  in  the  same  position  which  they  occupied  in  the 
quarry ;  that  is,  with  the  planes  of  deposition  horizontal. 
There  seems  to  be  a  want  of  coherence  between  the  particles, 
which  causes  the  blocks  to  split  in  the  direction  of  the 
stratification,  even  when  no  perceptible  parting  of  the  layers 
can  be  observed,  and  when  the  whole  rock  seems  to  have  a 
crystalline  structure. 
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Specimen  marked  **  HartnetVs  quarry ^  southwest  of  Mount* PleasanV\ 

This  is  a  light-grey  limestone,  of  a  decidedlj  crystalline  texture, 
and  quite  compact  and  homogeneous  in  its  structure.  It  breaks  with 
a  tolerably  smooth  fracture,  and  dresses  handsomely  ;  but  is  much 
injured  for  building  purposess  by  the  occasional  occurrence  of  sul- 
phuret  of  iron,  which  is  found  in  minute  crystallizations  in  the  joints 
of  the  rock.  This  limestone  weathers  a  dirty  yellow,  which  is  rather 
extraordinary,  considering  that  it  only  contains  a  quarter  of  one  per 
cent  of  carbonate  of  iron. 

The  analysis  gave  the  following  results  : 

Silica  and  insoluble  silicates  2.05 

Peroxide  of  iron  .29 

Oxide  of  manganese  trace 

Lime  54.23  =  96.84  carb.  lime. 

Magnesia  .52 

Soda  and  trace  potash  .26 

Chlorine,  sulphuric  and  phosphoric  acids,  traces 

Carbonic  acid  42.82 

"1O0T7 
The  above  limestone  represents  the  composition  of  the  St.  Louis 
or  Concretionary  subdivision  of  the  Carboniferous  series  :  it  is  a  very 
pure  calcareous  rock,  and  is  well  adapted  for  burning  into  lime. 
Those  portions  which  are  sufficiently  heavy-bedded,  and  free  from 
sulphuret  of  iron,  answer  well  for  architectural  purposes. 

The  tendency  to  the  formation  of  geodes,  lined  with  cry- 
stals of  various  minerals,  is  peculiarly  characteristic  of  the 
Carboniferous  limestones,  although  not  limited  to  that  part 
of  the  series.  The  beautiful  crystallizations  of  pyrites,  ba- 
rytes  and  pearl*spar  which  occur  in  geodes  in  the  Galena 
limestone  at  Scales' s  mound,  have  already  been  noticed  :  in 
this  particular  rock,  instances  of  this  mode  of  occurrence 
of  crystallized  minerals  seem  to  be  quite  rare  and  confined  to 
localities  of  limited  area.  In  the  carboniferous  series,  how- 
ever, the  geodiferous  bed  which  lies  next  above  the  Keokuk 
limestone  is  remarkable  for  its  persistency  of  character  and 
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thickness  over  a  considerable  area,  as  well  as  for  the  size  of 
the  cavities  and  the  beauty  of  the  crystals  with  which  they 
are  more  or  less  completely  filled.  Quartz,  crystallized  or  in 
form  of  chalcedony,  is  the  most  common  mineral  substance 
occurring  in  this  way;  but  some  of  the  geodes  are  lined 
with  fine  crystallizations  of  calc.  spar,  or,  less  frequently,  of 
dolomite,  with  which  are  occasionally  associated  blende 
(sulphuret  of  zinc)  and  pyrites.  This  geode  bed  is  from 
twenty-five  to  forty-five  feet  in  thickness,  and  is  made  up 
chiefly  of  an  impure  argillaceous  and  sometimes  shaly  lime- 
stone :  the  cavities  in  which  the  crystals  occur  are  from  two 
or  three  inches  up  to  fifteen  in  diameter.  The  comparative 
abundance  of  sulphuret  of  zinc,  and  the  almost  entire  absence 
of  galena  in  rocks  of  this  age,  is  worthy  of  notice.  Geodes  are 
occasionally  found  in  all  the  members  of  the  Carboniferous 
limestone  series,  but  they  are  far  more  common  in  the  position 
noticed  above,  between  the  Keokuk  and  Warsaw  limestones. 

COAL  MEASURES. 

The  predominance  of  detrital  rocks,  including  clays, 
shales  and  sandstones,  over  those  of  chemical  origin,  is  the 
characteristic  feature  of  the  Coal-measure  strata.  It  is  in  this 
formation  that  we  first  meet,  in  the  Mississippi  valley  regions, 
with  coarse  quartzose  sandstones,  bearing  in  their  physical 
characters  marks  of  having  been  formed  by  the  abrasion  and 
grinding  up  of  silicious  rocks. 

The  most  prominent  member  of  the  Coal-measure  group 
in  the  eastern  part  of  Iowa  is  a  ferruginous  sandstone,  com- 
posed of  rounded  grains  of  quartz  which  vary  in  size  and 
shape,  although  usually  minute  and  nearly  spherical.  These 
grains  are  held  together  by  a  cement  of  oxide  of  iron,  mixed 
with  a  little  lime,  giving  the  rock  a  dark  brown  color.  This 
is  the  character  of  the  sandstone  along  the  eastern  outcrop 
of  the  coal,  in  Jasper,  Powesheik,  Hardin  and  Marshall 
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Specimen  marked  **  Hartnetfs  quarry ^  southwest  of  Mount* PleasanV\ 

This  is  a  light-grey  limestone,  of  a  decidedly  crystalline  texture, 
and  quite  compact  and  homogeneous  in  its  structure.  It  breaks  with 
a  tolerably  smooth  fracture,  and  dresses  handsomely  ;  but  is  much 
injured  for  building  purposess  by  the  occasional  occurrence  of  sul- 
phuret  of  iron,  which  is  found  in  minute  crystallizations  in  the  joints 
of  the  rock.  This  limestone  weathers  a  dirty  yellow,  which  is  rather 
extraordinary,  considering  that  it  only  contains  a  quarter  of  one  per 
cent  of  carbonate  of  iron. 

The  analysis  gave  the  following  results  : 


Silica  and  insoluble  silicates 

2.05 

Peroxide  of  iron 

.29 

Oxide  of  manganese 

trace 

Lime 

54.23  = 

96.84  carb.  lime. 

Magnesia 

.52 

Soda  and  trace  potash 

.26 

Chlorine,  sulphuric  and 

phosphoric 

acids, 

traces 

Carbonic  acid 

. 

42.82 

100.17 
The  above  limestone  represents  the  composition  of  the  St.  Louis 
or  Concretionary  subdivision  of  the  Carboniferous  series  :  it  is  a  very 
pure  calcareous  rock,  and  is  well  adapted  for  burning  into  lime. 
Those  portions  which  are  sufficiently  heavy-bedded,  and  free  from 
sulphuret  of  iron,  answer  well  for  architectural  purposes. 

The  tendency  to  the  formation  of  geodes,  lined  with  cry- 
stals of  various  minerals,  is  peculiarly  characteristic  of  the 
Carboniferous  limestones,  although  not  limited  to  that  part 
of  the  series.  The  beautiful  crystallizations  of  pyrites,  ba- 
rytes  and  pearl-spar  which  occur  in  geodes  in  the  Galena 
limestone  at  Scales' s  mound,  have  already  been  noticed  :  in 
this  particular  rock,  instances  of  this  mode  of  occurrence 
of  crystallized  minerals  seem  to  be  quite  rare  and  confined  to 
localities  of  limited  area.  In  the  carboniferous  series,  how- 
ever, the  geodiferous  bed  which  lies  next  above  the  Keokuk 
limestone  is  remarkable  for  its  persistency  of  character  and 
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thickness  over  a  considerable  area,  as  well  as  for  the  size  of 
the  cavities  and  the  beauty  of  the  crystals  with  which  they 
are  more  or  less  completely  filled.  Quartz,  crystallized  or  iu 
form  of  chalcedony,  is  the  most  common  mineral  substance 
occurring  in  this  way;  but  some  of  the  geodes  are  lined 
with  fine  crystallizations  of  calc.  spar,  or,  less  frequently,  of 
dolomite,  with  which  are  occasionally  associated  blende 
(sulphuret  of  zinc)  and  pyrites.  This  geode  bed  is  from 
twenty-five  to  forty-five  feet  in  thickness,  and  is  made  up 
chiefly  of  an  impure  argillaceous  and  sometimes  shaly  lime- 
stone :  the  cavities  in  which  the  crystals  occur  are  from  two 
or  three  inches  up  to  fifteen  in  diameter.  The  comparative 
abundance  of  sulphuret  of  zinc,  and  the  almost  entire  absence 
of  galena  in  rocks  of  this  age,  is  worthy  of  notice.  Geodes  are 
occasionally  found  in  all  the  members  of  the  Carboniferous 
limestone  series,  but  they  are  far  more  common  in  the  position 
noticed  above,  between  the  Keokuk  and  Warsaw  limestones. 

COAL  MEASURES. 

The  predominance  of  detrital  rocks,  including  clays, 
shales  and  sandstones,  over  those  of  chemical  origin,'  is  the 
characteristic  feature  of  the  Coal-measure  strata.  It  is  in  this 
formation  that  we  first  meet,  in  the  Mississippi  valley  regions, 
with  coarse  quartzose  sandstones,  bearing  in  their  physical 
characters  marks  of  having  been  formed  by  the  abrasion  and 
grinding  up  of  silicious  rocks. 

The  most  prominent  member  of  the  Coal-measure  group 
in  the  eastern  part  of  Iowa  is  a  ferruginous  sandstone,  com- 
posed of  rounded  grains  of  quartz  which  vary  in  size  and 
shape,  although  usually  minute  and  nearly  spherical.  These 
grains  are  held  together  by  a  cement  of  oxide  of  iron,  mixed 
with  a  little  lime,  giving  the  rock  a  dark  brown  color.  This 
is  the  character  of  the  sandstone  along  the  eastern  outcrop 
of  the  coal,  in  Jasper,  Powesheik,  Hardin  and  Marshall 
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counties.  At  Muscatine,  the  sandstone  is  destitute  of  ferru- 
ginous matter,  having  a  light  bluish-grey  tint,  with  minute 
specks  of  black  coaly  matter.  It  is  very  fine-grained  and 
homogeneous,  and  thinly  laminated.  The  position  of  the 
sandstone  in  regard  to  the  beds  of  coal,  at  least  on  the  east- 
ern outcrop  of  the  basin,  is  not  a  uniform  one.  In  general, 
the  larger  portion  of  this  rock  appears  to  underlie  the  prin- 
cipal coal-beds ;  but  in  some  localities,  especially  in  Hardin 
county,  there  is  a  thickness  of  from  seventy-five  to  one 
hundred  feet  above  the  coal-bed  opened  at  several  localities 
in  that  region.  Throughout  the  whole  of  that  portion  of  the 
State,  the  exposures  are  too  imperfect  to  afford  a  clear  idea 
of  the  order  of  succession  of  the  rocks  of  this  epoch.  As  we 
go  farther  south  and  west,  we  find  the  amount  of  calcareous 
matter  in  the  coal  series  gradually  increasing,  although 
shales  and  sandstones  everywhere  predominate.  Some  of  the 
beds  of  limestone  associated  with  the  Coal-measures  are  white 
and  crystalline  ;  the  crystalline  structure  having  obliterated 
all  traces  of  the  fossils  these  beds  once  contained,  and  which 
become  apparent  on  the  weathered  surface  of  the  rocks, 
sometimes  showing  the  whole  mass  to  be  made  up  of  frag- 
ments of  shells,  crinoids,  etc.  The  larger  part  of  the  limestones 
in  this  geological  position,  are,  on  the  other  hand,  dark- 
colored  and  earthy,  containing  more  or  less  bituminous 
matter,  but  consisting,  with  the  exception  of  from  two  to 
ten  per  cent  of  insoluble  argillaceous  matter,  almost  entirely 
of  carbonate  of  lime.  No  limestones  containing  more  than 
one  or  two  per  cent  of  magnesia  have  been  noticed  in  the 
Coal  measures. 

The  silicious  shaly  beds  of  the  Coal  measures  sometimes 
contain  calcareous  concretionary  masses,  which  at  Muscatine 
are  often  of  great  size  and  remarkable  regularity  ( see  page 
276). 

The  annexed  analyses  will  serve  to  indicate  the  compo- 
sition of  some  of  the  limestones  associated  with  the  coal. 
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Specimen  from  Eldora^  Hardin  county. 

This  specimen  was  taken  from  the  immediate  vicinity  of  Dr. 
Fuller's  coal-bank,  where  it  seems  to  have  a  position  underlying  the 
coal.  It  is  a  dark-colored,  almost  black,  fine-grained  earthy  lime- 
stone, and  destitute  of  any  trace  of  crystalline  structure.  Like  most 
of  the  limestones  of  this  period,  it  contains  a  little  bituminous  mat- 
ter :  it  contains  only  a  small  amount  of  magnesia. 

The  results  of  the  analysis  are  as  follows  : 

BitominouB  substances  1.09 

Earthy  substances,  insoluble  in  acid  8.04 

Carbonate  of  iron  and  manganese  3.00 

Alumina,  dissolved  by  acid  .35 

Carbonate  of  lime,  and  trace  sulphate  85.74 

Carbonate  of  magnesia  1.00 

Chloride  of  sodium,  carbonate  of  soda,  and  loss  .78 

100.00 

This  limestone  appears,  from  its  external  character,  to  be 
likely  to  possess  hydraulic  properties  :  its  chemical  compo- 
sition, however,  when  compared  with  that  of  other  lime- 
stones, suitable  for  this  purpose,  does  not  indicate  it  to  be 
of  much  value  except  for  burning  into  lime  :  for  this  purpose 
it  is  well  adapted.  The  rock  is  of  no  use  as  a  building- 
stone,  owing  to  its  softness  and  to  the  fact  that  it  breaks  too 
irregularly  to  be  easily  quarried  j  besides,  the  exposure  is 
too  limited  to  allow  of  any  considerable  quantity  of  material 
being  obtained. 

Specimen  marked  *^  Hydraulic  limestone^  Business  corner^  Van  Bur  en 

county  J*^ 

This  limestone  is  a  dark  bluish-grey  rock,  very  fine-grained,  and 
having  but  little  trace  of  a  crystalline  structure.  The  dark  color  is 
owing  to  the  presence  of  a  little  bituminous  matter  which  is  uni- 
formly diffused  through  it. 

The  analysis  gave  the  following  results  : 
[Iowa  Suevbt.]  49 
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Carbon 

.56 

Insoluble  ( olay ) 

3.67 

Protoxide  of  iron 

.56 

Lime 

52.16  =  93.14  carb.  of  Hma 

Magnesia 

.91 

Soda  and  trace  potash 

.21 

Sulphuric  acid 

.51 

Chlorine 

trace 

Carbonic  acid  and  loss 

41.62 

100.00 

This  specimen  is  nearly  a  pure  carbonate  of  lime,  as  shown  by 
the  analysis  :  it  is,  therefore,  not  adapted  for  use  as  a  hydraulic 
limestone,  although  valuable  for  common  lime.  It  contains  a  lai^er 
amount  of  sulphuric  acid  than  any  other  limestone  examined  from 
this  region. 

The  analyses  which  have  been  given  above,  will  serve  to 
convey  an  idea  of  the  chemical  composition  of  the  calca- 
reous and  calcareo-magnesian  rocks  of  Eastern  Iowa.  Far- 
ther examinations  will  be  made  of  the  limestones,  shales 
and  sandstones  of  the  upper  members  of  the  series,  the  in- 
vestigation of  which  in  the  central  and  western  portion  of 
the  State  will  be  the  object  of  the  future  prosecution  of  the 
Survey.  A  few  remarks  may  here  be  appended  in  regard  to 
the  methods  pursued,  and  the  general  results  which  have 
been  obtained. 

The  substance  used  for  analysis  was  always  dried  at  a 
temperature  a  little  over  that  of  boiling  water,  by  which,  in 
all  the  crystalline  rocks,  at  least,  all  the  water  was  removed. 
The  shaly  and  argillaceous  limestones  contain,  however,  a 
little  water  combined  with  silicate  of  alumina,  in  such  a 
condition,  that  a  heat  greater  than  212''  F.  is  required  for 
its  expulsion.  These  specimens  show  a  small  loss,  which 
sometimes,  in  the  very  argillaceous  limestones,  amounts  to 
three  or  four  per  cent. 

The  residuum  left  after  digestion  with  chlorohydric  acid 
of  moderate  strength,  was  occasionally  analyzed  by  itself, 
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as  a  silicate,  by  fusion  with  carbonate  of  soda,  or  examined 
with  the  microscope.  A  careful  analysis  of  the  insoluble 
portion,  in  every  case,  with  especial  reference  to  the  amount 
of  alkalies  present  in  the  rock,  would  be  desirable.  It  will  be 
noticed,  on  inspection  of  the  analyses  of  about  forty  diflFerent 
limestones  given  above,  how  small  an  amount  of  insoluble 
matter  is  present  in  the  large  majority  of  the  limestones  of 
the  Mississippi  valley  :  indeed,  several  of  them  are  almost 
pure  carbonate  of  lime,  or  carbonate  of  lime  and  magnesia, 
containing  no  more  impurities  than  the  finest  crystallized 
marbles.  In  the  lower  dolomites,  the  insoluble  portion  con- 
sists mainly  of  silicious  sand,  apparently  derived  from  the 
destruction  of  the  underlying  sandstones.  In  the  more  cal- 
careous and  shaly  beds  of  the  Trenton  and  Hamilton,  the 
insoluble  portion  consists  chiefly  of  a  mixture  of  clay  and 
sand. 

The  limestones  analyzed  all  contain  at  least  a  trace  of 
iron,  and  but  rarely  more  than  one  per  cent.  In  the  rocks 
which  have  not  been  weathered,  the  iron  is  usually  present 
in  the  form  of  a  carbonate  :  when  the  rock  has  been  exposed, 
more  or  less  of  the  iron  is  found  to  be  oxidized,  the  sub- 
stance having  acquired  a  yellow  tinge  of  color.  As  the 
amount  of  iron  present  is  so  sn\all,  it  has  usually  been 
reckoned  as  a  carbonate,  except  in  those  cases  where  the 
reaction  and  color  of  the  specimen  showed  distinctly  that 
the  larger  portion  of  it  had  been  converted  into  the  peroxide. 
The  amount  of  alumina  dissolved  by  the  acid  and  precipi- 
tated by  ammonia,  has  usually  been  found  to  be  quite  small. 

In  some  instances  the  carbonic  acid  has  been  directly  de- 
termined ;  but,  in  most  cases,  the  lime  and  magnesia  have 
been  reckoned  as  carbonates,  without  making  a  separate  ana- 
lysis for  that  purpose. 

Most  of  the  limestones  analysed  have  been  carefully  tested 
for  the  alkalies.  Potash  has  almost  always  been  found  to  be 
present,  although  usually  only  in  minute  quantity.  Soda  has 
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always  been  detected,  and  generally  in  amount  sufficient  for 
determination. 

The  uniformity  in  the  quantity  of  this  alkali  given  by  the 
analyses,  it  being  almost  always  between  one  and  two  tenths 
of  a  per  cent,  would  lead  to  the  idea  that  this  supposed 
amount  might  be,  in  reality,  the  expression  of  some  constant 
impurity  in  the  reagents  employed,  or  of  some  error  in  the 
methods  adopted.  As,  however,  the  same  results  have  been 
obtained,  when  different  modes  of  analysis,  and  the  most 
carefully  prepared  reagents,  have  been  employed,  there  can 
be  little  doubt  that  the  results  are  substantially  correct. 
From  some  experiments  which  have  been  made,  it  would 
appear  that  the  potash  contained  in  the  limestones  exists 
principally  in  the  clay,  or  insoluble  portion  of  the  rock ;  and 
that  this  combination  was  acted  on  by  being  ignited  so  as  to 
become  partly  soluble  in  water,  while  the  soda  remains  in  a 
state  in  which  it  is  not  capable  of  being  dissolved  without 
the  aid  of  an  acid.  The  quantity  of  chlorine  which  exists  in 
the  limestones  is  very  minute,  never,  in  the  case  of  any 
specimen  examined,  exceeding  three  or  four  hundredths  of 
one  per  cent :  it  is  evident,  therefore,  that  the  larger  portion 
of  the  soda  must  be  in  combination  with  carbonic  acid  ;  and, 
if  so,  as  it  is  not  in  a  soluble  condition,  it  is  probably  also 
combined  with  silica,  forming  a  complex  silicate,  perhaps 
analogous  in  composition  to  Cancrinite,  a  silicate  of  alumina 
+  carbonate  of  soda  and  lime.  That  a  portion  of  the  lime  is 
present  in  the  form  of  a  silicate  is  also  made  probable  by 
the  fact,  that  in  a  large  number  of  analyses  the  amount  of 
carbonic  acid  has  always  been  found  to  fall  a  little  below 
what  would  be  required  to  saturate  all  the  bases,  supposing 
them  all  to  exist  as  carbonates.  Besides,  a  portion  of  the 
silica  in  the  insoluble  residuum  is  almost  always  found  to  be 
capable  of  being  taken  up  by  carbonate  of  soda,  indicating 
that  it  is  not  all  in  the  form  of  sand,  but,  rather,  of  silica 
set  free  from  chemical  combination. 
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Sulphuric  acid  has  almost  always  been  found  to  be  present 
in  minute  traces  in  the  limestones  examined  :  in  some  of 
the  dark-colored  calcareous  rocks,  associated  with  the  Coal 
measures,  its  quantity  is  sufficient  to  make  it  worth  while 
to  determine  it  quantitatively  :  in  one  case  it  amounted  to 
one-half  of  one  per  cent  of  the  substance.  It  is  undoubtedly 
present  in  the  form  of  sulphate  of  lime. 

Phosphoric  acid  probably  exists  in  many  of  the  lime- 
stones, but  its  quantity  is  so  minute  that  it  is  very  difficult 
to  detect  its  presence  and  positively  identify  it.  The  usual 
test  for  minute  quantities  of  this  acid,  by  means  of  molyb- 
date  of  ammonia,  seems  not  to  be  a  reliable  one ;  and  it  is 
proposed  to  reject  the  results  which  have  been  obtained  by 
its  aid,  and  to  repeat  the  investigation  under  different  cir<- 
cumstances,  the  results  to  be  given  in  a  future  Report. 

ECONOMICAL  APPLICATION  OP  THE  LIMESTONES  AND 
OTHER  ROCKS. 

Building'Stone.  In  the  preceding  pages  of  this  Report, 
frequent  notices  have  been  given  of  the  value  of  the  rocks 
described  as  building  materials;  and  in  the  chapters  devoted 
to  the  county  geology,  a  sufficient  amount  of  detail  on  this 
subject  has  already  been  incorporated.  A  few  general  remarks 
will  here  be  added  on  the  choice  of  stone  for  architectural 
purposes,  with  reference  to  the  condition  of  things  in  Iowa. 

As  there  are  no  igneous  or  metamorphic  rocks  within  the 
limits  of  the  State,  so  far  as  we  have  yet  observed,  except 
in  the  form  of  boulders,  which,  of  course,  will  give  but  a 
limited  supply  of  material,  although  very  useful  in  some 
localities  for  a  time,  the  builder  will  be  obliged  to  confine 
himself  exclusively  to  the  stratified  rocks,  either  sandstones 
or  limestones. 

Sandstone,  or  freestone  as  it  is  generally  termed  by 
builders,  occurs  in  every  variety  of  form,  from  the  softest 
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material,  yielding  as  readily  between  the  fingers  as  sugar, 
to  the  hardest  quartzose  rock,  which  is  almost  absolutely 
indestructible  by  exposure.  The  medium  hardness  is,  of 
course,  the  most  desirable,  as  the  material  used  must  be  ca- 
pable of  being  worked  with  tools,  as  well  as  of  enduring 
after  it  has  been  brought  into  shape.  The  beautiful  freestone, 
so  much  used  in  the  Atlantic  cities,  a  sandstone  colored 
and  held  together  by  a  ferruginous  cement,  is  extensively 
wrought  at  several  localities,  especially  in  Connecticut  and 
New- Jersey .  It  belongs  to  a  geological  position  higher  in  the 
series  than  that  of  any  sandstone  yet  noticed  in  Iowa. 

The  Potsdam  sandstone,  as  usually  developed  in  the 
Northwest,  is  too  friable  to  be  a  good  building-stone,  the 
silicious  grains  being  held  together  by  the  merest  trace  of 
a  ferruginous  cement.  In  the  vicinity  of  the  trappean  ranges, 
however,  and  in  certain  limited  localities,  at  a  distance  from 
any  igneous  rocks,  there  are  beds  of  this  material  which  are 
sufficiently  durable  to  be  employed  to  advantage  in  building. 
Some  of  the  beds  of  passage  from  the  Potsdam  to  the  Lower 
Magnesian  limestone  appear  to  be  well  adapted  for  archi- 
tectural purposes,  as  they  are  made  up  of  a  mixture  of  sand- 
stone and  limestone,  which  seems  to  possess  a  high  degree 
of  strength  and  durability,  and  which  also  splits  and  dresses 
with  facility.  The  Upper  sandstone  is  hardly  ever  coherent 
enough  to  be  made  use  of  for  any  purpose,  where  a  durable 
material  is  required. 

The  dolomites,  which  cover  so  large  a  portion  of  North- 
eastern Iowa,  are  capable  of  furnishing  a  great  variety  of 
building-stone,  some  of  which  is  of  an  excellent  character, 
both,  in  point  of  strength,  color  and  durability.  There  is  a 
considerable  diversity  in  the  external  appearance  of  these 
rocks,  however,  even  in  cases  where  the  analysis  indicates 
no  great  difierence  of  chemical  composition.  In  the  Lower 
Magnesian,  the  principal  defects  are,  that  the  rock  is  too 
heavybedded,  or  not  regularly  stratified,  so  as  to  split  into 
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layers  of  convenient  size,  or  else  that  its  texture  is  not 
sufficiently  homogeneous.  Layers  may  usually  he  found  in 
which  these  defects  are  not  apparent.  In  the  Galena  lime- 
stone, the  unequal  weathering  of  the  rock  is  a  very  great 
drawback  to  its  value,  and  it  does  not  split  and  dress  with 
the  facility  requisite  to  form  a  first-class  material  for  archi- 
tectural purposes.  The  Niagara  limestone  is,  usually,  more 
compact,  and  has  less  of  the  peculiar  tendency  to  disinte- 
gration which  seems  to  characterize  the  Galena,  and  which 
is  apparently  due  to  its  peculiar  crystalline  structure.  One 
defect  is  common  to  portions  of  all  the  dolomitic  masses  in 
the  Mississippi  valley  :  this  is  the  presence  of  silicious 
nodules,  or  layers  of  chert,  which  materially  impair  the  value 
of  the  rock  in  which  they  occur.  Still,  the  pure  crystal- 
line dolomites  are  classed  by  competent  authorities  among 
the  most  durable  materials  used  for  architectural  purposes ; 
and  the  sections  and  exposures  of  the  three  great  dolomitic 
masses  of  the  Northwest  are  so  numerous  within  the  limits 
of  Northeastern  Iowa,  that  a  good  stone  may  almost  always 
be  obtained  without  the  necessity  of  going  to  any  conside- 
rable distance. 

The  pure  limestones  of  the  Trenton,  the  Hamilton  and 
the  Carboniferous  limestone  groups  furnish  a  great  variety 
of  building-stones,  of  very  different  character  and  value  in 
different  parts  of  the  State.  The  Trenton  limestone  is  much 
wrought  along  the  upper  portion  of  the  Mississippi,  within 
the  limits  of  Iowa,  as  it  is  easily  accessible  and  furnishes  a 
rock  which,  on  the  whole,  splits  better  and  dresses  more 
evenly  than  the  average  of  the  dolomitic  strata  above  and 
below.  There  is  a  very  great  difference  between  the  different 
beds  of  limestone  of  the  Carboniferous  series  :  some  of  them 
are  worthless,  whilst  others  furnish  an  excellent  material. 
The  most  reliable  guide  to  a  knowledge  of  their  actual  value 
for  building,  is  to  examine  the  outcrop  of  the  rock,  where 
it  has  long  been  exposed  to  the  weather,  and  observe  what 
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effect  this  has  had  upon  the  texture  and  color  of  the  different 
strata  :  if  they  appear  discolored  and  softened,  or  irregularly 
worn  away  on  their  projecting  edges,  it  may  safely  be  in** 
ferred  that  the  same  appearances  will  be  exhibited,  although 
not  perhaps  in  so  great  a  degree,  by  the  fireshly^juarried 
blocks  aft^r  they  have  been  for  a  time  exposed  to  the  action 
of  the  elements.  If  nodules  of  pyrites,  or  sulphnret  of  iron, 
are  noticed,  it  may  be  taken  for  granted  that  they  will  decom^ 
pose  and  discolor  the  rock  in  which  they  occur.  As  far  as 
possible,  the  blocks  should  be  laid  in  their  natural  position, 
and  not  set  up  on  their  edges,  as  they  are  much  more  liable 
to  crack  in  the  direction  of  the  planes  of  stratification  than 
across  them. 

There  is  hardly  anything  so  much  felt  throughout  the 
West,  as  the  absence  of  good  materials  for  road-<K>yering8. 
None  of  the  sandstones  or  limestones  are  suitable  for  this 
purpose,  since  only  the  trappean,  hornblende  or  quartz  rocks 
have  the  requisite  hardness  and  toughness.  The  eherty 
masses  associated  with  the  different  limestones  and  dolo- 
mites are,  indeed,  a  most  excellent  material  for  roads ;  but 
there  are  few  localities  where  they  can  be  obtained  in  quan« 
tity,  without  a  good  deal  of  expense.  Railroads,  iron  pave- 
ments, and,  to  some  extent,  plank  roads,  must  be  relied  on 
to  facilitate  traffic.  The  prairie  roads  are  excellent  in  dry 
weather,  when  not  too  much  cut  up  by  heavy  vehicles,  and 
much  may  be  done  for  their  improvement  by  a  suitable  and 
thorough  system  of  drainage. 

Hydraulic  lime.  The  importance  of  good  hydraulic  lime  to 
engineers  and  architects,  for  use  in  a  great  variety  of  con-^ 
structions,  is  so  evident,  that  all  will  admit  the  necessity 
of  a  thorough  investigation  into  the  qualities  of  the  different 
limestones  occurring  in  the  State,  with  special  reference  to 
their  value  for  this  purpose.  This  object  has  been  had  in 
view,  in  making  the  chemical  analyses,  which  have  been 
recorded  in  the  preceding  pages;  and  after  collecting  and 
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examining  the  principal  varieties  of  rocks  from  other  parts 
of  the  State  not  yet  visited,  it  is  proposed  to  make  a  series 
of  practical  trials,  with  a  view  of  ascertaining  in  that  way, 
more  definitely  than  can  be  learned  from  analysis  alone, 
which  among  all  the  limestones  possessing  hydraulic  proper- 
ties in  different  degrees,  are  the  most  to  be  recommended. 
The  difference  in  the  composition  of  the  rocks  used  for 
water-lime  in  various  parts  of  the  world  is  very  great,  and 
there  is  a  corresponding  difference,  no  doubt,  in  the  material 
manufactured  from  them ;  and  numerous  and  elaborate  re- 
searches have  been  made  by  able  chemists,  with  the  view 
of  determining  the  character  of  the  reactions  which  take 
place  in.  the  process  of  preparing  and  using  hydraulic  ce- 
ments. From  these  investigations  it  appears  that  a  limestone, 
containing  a  certain  amount  of  silica  only,  is  capable  of 
making  a  lime  possessing  hydraulic  properties ;  the  setting 
of  the  lime  being  caused  by  the  hydratation  of  the  silicate 
of  lime,  which  is  produced  by  burning  the  mixture  of  car- 
bonate of  lime  and  silica.  The  rock  of  the  Theil  (Ardeche), 
in  France,  is  a  hydraulic  limestone  of  this  character  :  it 
consists  of  almost  exclusively  of  carbonate  of  lime  and  si-  • 
lica,  having  the  following  composition,  according  to  Rivot  : 

Lime  46.3 

Oxide  of  iron  0.7 

Silica,  qoartzose  sand  and  clay  15.0 

Carbonic  acid  and  water  37.6 

The  lime  prepared  from  it  contains  only  1.8  per  cent  of 
alumina  to  18.2  of  silica  and  1.71  of  quartzose  sand;  and 
yet  it  furnishes  a  most  excellent  water-lime,  and  one  which 
has  been  found  especially  valuable  in  marine  constructions. 

In  most  of  the  limestones  furnishing  water-lime  on  being 
calcined,  however,  clay  or   silicate  of  alumina  takes  the 
place  of  pure  silica ;  and  it  appears,  from  the  results  of  nu- 
merous analyses,  that  mixtures  of  carbonate  of  lime  with 
[Iowa  Suevbt.]  50 


394  CHEMISTRT   AND  BGONOMIGAL  GBOLOGT. 

clay,  in  various  proportions,  constitute  by  far  the  larger  pro- 
portion of  the  hydraulic  limestones  used  in  Europe.  Argilla- 
ceous limestones  containing  less  than  10  per  cent  of  clay 
have  hardly  any  hydraulic  properties;  and  the  value  of  the 
material  for  this  purpose  increases  with  the  quantity  of  the 
clay,  until  the  latter  reaches  30  or  40  per  cent. 

None  of  the  non-magnesian  limestones  of  Iowa,  which  have 
yet  been  examined,  have  been  found  to  contain  a  sufficient 
amount  of  silica  and  alumina  to  justify  the  expectation  that 
they  will  yield  good  hydraulic  lime.  It  is  not  improbable, 
however,  that  beds  of  limited  extent  will  be  found  in  the 
Trenton  limestone,  or  in  the  Carboniferous  series,  which  may 
hereafter  be  made  available  for  this  purpose. 

The  magnesian  limestones,  however,  appear  to  be  capable 
of  furnishing  a  good  hydraulic  lime,  even  when  a  considera- 
bly less  quantity  of  silica  and  alumina  is  present  in  them 
than  is  required  to  give  hydraulic  properties  to  a  purely 
calcareous  rock.  The  effect  of  the  presence  of  magnesia  in 
altering  the  character  of  a  limestone,  and  imparting  to  it 
hydraulic  properties,  has  not  been  sufficiently  studied  in 
::^]|ifope ;  since  almost  all  the  limestones  used  for  cements 
contain  only  a  small  per-centage  of  magnesia,  and  not  enough 
to  produce  any  sensible  effect  on  the  reactions  of  the  lime. 
From  the  experiments  of  Vicat,  however,  it  would  appear 
that  the  carbonates  of  magnesia  and  lime  alone,  without  the 
addition  of  some  clay,  will  yield  only  a  feeble  hydraulic 
lime.  The  only  dolomite  used  for  hydraulic  lime  in  Europe, 
so  far  as  we  have  been  able  to  ascertain,  is  at  Robache,  near 
Saint-Die  in  France.  This  material  gives  a  lime  which  is 
eminently  hydraulic,  and  is  used  for  the  public  works,  under 
the  direction  of  the  Government,  in  the  region  of  the  Vosges. 
As  this  dolomite  agrees  nearly  in  composition  with  many  of 
those  of  the  Upper  Mississippi  valley,  a  transcript  of  the 
analysis  will  be  given. 
It  contains  : 
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Lime 

29.38 

=  51.46  carb. 

lime. 

Magnesia 

21.55 

=  45.27  carb. 

magnesia. 

Carbonic  aoid 

45.80 

Clay 

8.25 
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The  Magnesian  limestones  and  dolomites  have  long  been 
used  in  Virginia  for  hydraulic  purposes ;  and  attention  was 
called  to  the  fact  that  the  magnesia  imparts  the  property  of 
hardening,  under  water,  to  limestones  which  contain  but  a 
small  proportion  of  silica  and  alumina;  by  W.  B.  Kogebs,  in 
1838,  who  has  given  in  his  report  for  that  year  a  number  of 
analyses  of  hydraulic  limestones,  some  of  which  agree  closely 
in  composition  with  the  dolomite  rocks  of  Iowa,  and  lead  to 
the  supposition  that  these  will  be  equally  available  for  this 
purpose. 

The  annexed  analyses,  from  the  report  above  cited,  will 
show  the  resemblance  between  the  hydraulic  magnesian 
limestones  of  Virginia  and  those  of  Iowa  : 


I. 

II. 

III. 

rv. 

Carbonate  of  lime 

51.84 

46.20 

52.04 

57.16 

Carbonate  of  magnesia 

37.40 

84.16 

17.12 

28.80 

Silica 

8.36 

12.68 

19.36 

8.52 

Alumina  and  oxide  of  iron 

1.48 

4.00 

8.60 

9.12 

Water 

.56 

.60 

1.60 

1.40 

No.  I  is  from  the  eastern  side  of  Price's  mountain,  given  as  "  highly 
hydraulic" :  No.II,  from  near  Big  Lick,  Roanoke  county,  also  '^  highly 
hydraulic"  :  No.  Ill,  from  the  Coal  measures,  "  very  hydraulic"  :  No. 
IV,  "  very  hydraulic",  from  the  same  geological  position. 

The  best  hydraulic  cements  used  in  the  State  of  New- 
York  are  highly  magnesian,  although  they  contain  a  little 
larger  proportion  of  the  insoluble  silicates  than  is  foimd  in 
most  of  the  Iowa  dolomites.  The  materials  from  which  the 
Chittenango  and  Manlius  cements  are  made,  both  of  which 
are  considered  of  good  quality,  agree  pretty  nearly  in  com- 
position with  some  of  the  Iowa  rocks.  According  to  L.  C. 
Beck's  analyses  they  contain  : 
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Chittbhahoo.  MAKLinS. 

Lime  29.00  (=  61.78  carb.lime).  26.24  (=  45.07carb.lime). 

Magnesia  17.30  (=  36.34  oarb.mag.).  18.80  (=  39.44  carb.mag.). 

Carbonic  acid         40.95  39.80 

Silica  &  alamina,  11.00  13.50 

Peroxide  of  iron,     1.10  1.25 

Water  and  loss  .65  1.41 

100.00  100.00 

The  subject  of  the  influence  of  magnesia  in  the  composi- 
tion of  hydraulic  limes,  and  how  far  it  can  replace  the 
argillaceous  element,  without  injury  to  the  result,  is  one  which 
has  not  yet  been  sufficiently  studied,  and  it  is  proposed  to 
make  this  a  special  subject  of  investigation  during  the  pro- 
gress of  the  Survey ;  so  that,^  in  connection  with  the  addi- 
tional analyses  and  practical  experiments,  as  much  light  as 
possible  may  be  thrown  on  this  branch  of  the  economic 
geology  of  Iowa. 

Lime.  The  materials  for  burning  into  lime  are  to  be  found 
in  every  part  of  the  State  of  Iowa,  where  there  are  any  rocks 
exposed,  without  the  necessity  of  going  to  any  considerable 
distance.  The  kilns  are  usually  located  with  reference  to 
abundance  and  convenience  of  fuel,  rather  than  of  rock.  The 
Trenton,  Hamilton  and  Carboniferous  limestone  groups  all 
contain  considerable  masses  of  nearly  pure  carbonate  of 
lime,  which  of  course  afford  the  best  of  lime.  The  Magne- 
sian  limestones  are  also  largely  burned  for  lime,  less  sand 
being  required  for  making  mortar  with  this  kind  of  lime- 
stone than  with  the  purely  calcareous. 
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NON-METALLIC  MINERALS  OF  ECONOMICAL  VALUE. 
COAL. 

The  investigations  of  the  geological  corps  in  Iowa  have 
been,  up  to  the  present  time,  confined  almost  exclusively  to 
the  region  lying  to  the  north  and  east  of  the  Des  Moines 
river,  and  the  explorations  to  the  south  of  that  stream  have 
been  limited  to  its  immediate  vicinity.  As  the  great  body 
of  the  coal  region  of  the  State  is  believed  to  lie  to  the  south- 
west of  the  Des  Moines,  it  would  be  premature,  at  the  pre- 
sent stage  of  progress  of  the  Survey,  to  attempt  to  enter 
into  a  general  account  of  the  coal-bearing  strata  of  Iowa. 
The  localities  which  have  thus  far  been  examined  are 
chiefly  along  the  edge  of  the  basin,  and  in  detached  patches 
of  limited  extent,  where  the  beds  of  coal  are  thinner,  and 
of  poorer  quality  than  they  will  be  found  to  be  farther  in 
towards  the  centre  of  the  basin,  as  we  are  justified  in  assert- 
ing from  the  results  of  the  explorations  which  have  already 
been  made.  To  attempt  to  estimate  the  number  of  square 
miles  occupied  by  workable  coal-beds,  or  to  give  an  approxi- 
mation to  their  average  thickness,  would  be  entirely  prema- 
ture at  the  present  time.  There  is  an  extensive  district  in  the 
portion  of  the  State  which  has  already  been  explored,  over 
which  the  superficial  deposits  are  so  deeply  spread,  that  but 
littlis  more  can  be  said  of  it,  than  that  it  is,  in  all  proba- 
bility, in  part  occupied  by  limited  patches  of  rocks  belonging 
to  the  Coal-measures ;  while  the  question  whether  there  are 
workable  beds  of  coal  associated  with  these  outliers  can  be 
only  decided  by  borings  and  other  expensive  explorations, 
which  it  was  not  within  the  province  of  the  Geological 
Survey  to  have  carried  on. 

An  examination  of  the  preceding  pages,  especially  of  Mr. 
Wobthen's  Report  on  the  Des  Moines  valley,  and  of  the 
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chapters  devoted  to  the  county  geology,  will  serve  to  give 
an  idea  of  the  nature  of  the  deposits  of  coal  along  the  east- 
em  edge  of  the  basin.  It  will  be  seen  that  there  is  no  regu- 
larity in  the  number  or  thickness  of  the  beds  at  localities 
which  are  comparatively  near  each  other,  the  whole  ar- 
rangement of  the  materials  of  the  coal  and  the  associated 
rocks  indicating  great  irregularity  in  their  mode  of  depo- 
sition and  of  the  surface  on  which  their  accumulation  took 
place.  There  appear  to  be  in  most  of  the  localities,  where 
the  rocks  are  best  exposed,  two  beds  of  coal;  and  where  best 
developed,  the  heaviest  may  sometimes  reach  five  feet  in 
thickness.  On  the  north  side  of  the  Des  Moines,  the  beds 
rarely  exhibit  that  amount  of  good  workable  coal,  but  such 
have  been  already  noticed  on  the  south  side.  At  one  locality, 
near  Hillsborough,  in  Henry  county,  two  beds  of  four  and 
three  feet  in  thickness,  are  so  near  each  other  that  they 
may  be  profitably  worked  as  one,  since  they  are  only  sepa- 
rated by  about  ten  inches  of  shale.  A  little  west  of  Ottumwa, 
there  is  a  thickness  of  five  feet  of  good  coal  exposed,  and 
probably  a  second  seam  which  has  not  yet  been  found. 

The  explorations  which  have  been  made  in  search  of  coal 
in  Iowa  have  been  but  limited,  and  it  has  been  nowhere 
wrought,  except  where  cropping  out  naturally  in  exposures 
convenient  of  access,  and  for  local  consumption.  The  de- 
mand has,  as  yet,  been  small,  owing  to  the  recent  settlement 
of  the  interior  of  the  State,  and  to  the  fact  that  the  beds  on 
the  west  side  of  the  river,  in  Illinois,  are  more  conveniently 
situated  for  supplying  the  valley  :  as  the  interior  counties 
become  filled  up  with  inhabitants,  the  use  of  this  kind  of 
fuel  will  rapidly  increase ;  and  the  time  will  soon  come, 
when  coal-mining  will  become  an  important  branch  of 
business,  and  one  in  which  all  will  be  more  or  less  directly 
interested.  Up  to  the  present  time,  however,  this  kind  of 
work  has  not  been  prosecuted  with  any  regularity  or  sys- 
tematized organization  of  labor  by  skilled  workmen,  so  that 
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the  price  of  the  coal  has  been  much  greater  than  it  will  be 
hereafter,  when  the  mines  come  to  be  worked  on  a  more 
extensive  scale  and  in  a  more  business-like  manner. 

The  coals  of  Iowa  are  all  of  the  bituminous  class.  They 
are  fat,  adhesive  and  close-burning,  the  coke  melting  down 
into  a  solid  mass,  and,  therefore,  requiring  frequent  stirring 
to  effect  a  complete  combustion.  Tiiere  is  no  essential  diffe- 
rence between  the  average  of  Iowa  coals  and  of  those  of 
Illinois  :  they  contain  from  thirty-five  to  forty  per  cent  of 
volatile  bituminous  matter,  and  fix)m  forty-five  to  fifty  of 
fixed  carbon.  The  amount  of  ash  varies  from  one  to  twenty 
per  cent ;  but,  in  the  better  class  of  coals,  it  does  not  usually 
much  exceed  five  per  cent. 

A  considerable  number  of  analyses  have  been  made,  in 
order  to  acquire  a  correct  idea  of  the  constitution'  of  the 
coals  in  Eastern  Iowa,  and  specimens  will  hereafter  be  ex- 
amined, as  they  are  collected  from  other  portions  of  the  State 
during  the  progress  of  the  Survey.  No  ultimate  analyses,  or 
determinations  of  the  amount  of  oxygen,  hydrogen,  ni- 
trogen and  carbon,  have  been  made,  this  matter  being  left 
for  future  investigation.  In  a  practical  point  of  view,  the 
most  important  question  in  regard  to  the  condition  of  the 
western  coals  is  one  that  could  not  well  be  answered  by  che- 
mical analysis,  but,  rather,  by  a  mechanical  operation  per- 
formed on  larger  quantities  of  the  material  than  it  was 
always  in  our  power  to  collect,  even  had  it  been  desirable. 
The* question  to  which  reference  is  here  made,  is  in  regard 
to  the  quantity  of  sulphuret  of  iron,  or  pyrites,  mechanically 
mixed  with  the  coal,  the  amount  being  frequently  so  conside- 
rable as  to  materially  impair  its  value.  Besides  the  sulphuret 
of  iron,  there  is  often  more  or  less  gypsum,  and,  occasionally, 
carbonate  of  lime,  present  in  the  coal,  the  gypsum  and  py- 
rites being  frequently  associated  together  and  forming  thin 
plates  filling  the  joints  of  the  coal.  Near  the  outcrop  of  the 
beds  where  thei  coal  has  been  exposed  to  the  weather,  the 
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Bulphuret  of  iron  is  found  to  have  become  decomposed,  and 
a  large  portion  of  it  removed  as  a  soluble  sulphate,  while 
the  remainder  of  the  iron,  in  the  form  of  a  hydrated  per- 
oxide, discolors  the  coal  and  the  adjacent  rock.  The  presence 
of  these  substances  renders  the  coal  unpleasant  to  bum  in 
open  grates,  and  injurious  in  its  effects  on  the  metals  in  con- 
tact with  which  it  is  ignited.  Besides  this,  those  coals  which 
contain  pyrites  and  gypsum  cannot  be  transported  to  any 
distance,  without  losing  much  of  their  value  by  slacking,  or 
crumbling  into  small  fragments.  The  quantity  of  these  dele- 
terious substances,  disseminated  through  the  coal,  is  so 
variable  in  different  portions  of  the  same  bed,  and  even  in 
samples  taken  from  the  immediate  vicinity  of  each  other, 
that  no  inference  could  be  drawn  from  the  analytical  exami- 
nation which  would  be  of  much  value,  unless  an  average 
was  taken  of  several  hundred  pounds  of  the  material,  care- 
fully sampled,  and  even  then  a  more  reliable  opinion  could 
be  obtained  from  an  inspection  of  the  coal  lying  in  quantity 
at  the  mine. 

The  method  of  analysis  adopted,  was  as  follows  :  All 
coals  contain  a  little  hygrometric  water,  or  moisture  me- 
chanically disseminated  through  their  mass,  which  must  be 
taken  into  account  in  estimating  their  value.  This  water  is 
entirely  driven  off  at  a  temperature  of  212"*  F.;  and  the  quan- 
tity present  was  determined  by  drying  a  small  sample  of  the 
coal,  coarsely  pulverized  in  the  air-bath  at  a  temperature  a 
little  above  that  of  boiling  water,  until  no  farther  loss  of 
weight  took  place. 

The  amount  of  water  in  the  different  specimens  analyzed 
is  very  different,  but  appears  to  be  dependent,  in  a  great 
degree,  upon  the  length  of  time  which  has  elapsed  since  the 
coal  was  taken  from  the  bed,  and  the  conditions  under  which 
it  has  been  kept.  That  this  is  the  case,  will  be  evident  from 
the  following  experiments.  A  sample  of  coal  from  Rock- 
Island,  taken  from  the  bed,  in  September  1856,  and  analyzed 
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in  November,  was  found  to  contain  7.96  per  cent  of  water ; 
but,  after  having  remained  another  year  in  a  dry  and  warm 
room  exposed  to  the  air,  it  was  ascertained  to  have  parted 
with  over  half  its  hygrometric  moisture,  losing  at  that  time 
only  3.44  per  cent  by  exposure  to  a  temperature  of  212  - 
220'*  F.  Another  sample  of  coal  from  Webster  county  (north- 
east quarter  of  Sec.  18,  T.  88,  R.  28),  gave  the  following 
results  :  The   specimen   analyzed,   after  having  remained 
about  two  months  exposed  to  a  summer  temperature  in  a 
dry  room,  gave  14.95  per  cent  of  water  :  the  same,  after 
remaining  a  further  period  of  six  months  imder  the  same 
conditions  of  dryness,  contained  only  6.6  per  cent  of  mois- 
ture. Another  sample  of  coal,  from  the  Big  Muddy  river  in  Il- 
linois, which  was  collected  in  1852  and  had  remained  in  a 
dry  place  for  five  years,  lost  5.37  per  cent  of  water  on  being 
dried    at  212"*.  The  slowness  with  which  these  coals  part 
with  the  moisture  which  they  contain,  and  which  appears 
to   be    only  mechanically  mingled   with  the  carbonaceous 
matter,  is  indeed  surprising.  The  amount  of  water  in  the 
diflferent  coals  examined  varies  from  three  to  fifteen  per  cent : 
the  specimens  which  came  from  the  smaller  detached  basins, 
or  the  edge  of  the   basin,  evidently  contain  considerably 
more  water  than  those  which  were  obtained  farther  to  the 
southwest.  This  is,  undoubtedly,  owing  to  the  greater  solidity 
of  the  coal,  when  it  occurs  in  heavy  beds  and  has  been 
pressed  down  by  a  heavier  weight  of  superincumbent  rock. 
A  remarkable  fact,  in  connection  with  the  determination 
of  the  water  present  in  the  specimens  of  coal,  has  been  no- 
ticed. In  numerous  instances,  after  the  sample,  in  the  form 
of  a  coarse  powder,  had  been  dried  for  several  hours  in  the 
air-bath,  at  a  temperature  a  little  above  that  of  boiling  wa- 
ter, during  which  time  it  had  gradually  lost  weight  until  all 
the  water  seemed  to  have  been  expelled,  on  continuing  the 
operation  for  some  time  longer,  a  slight  increase  of  weight 
would  become  perceptible,  and  the  coal  would  continue  to 
[  Iowa  Suevbt.]  61 
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grow  heavier,  until  a  gain  of  several  tenths  of  a  per  cent  of 
the  original  weight  had  been  made.  This  appears  to  be  owing 
to  the  slow  oxidation  of  the  sulphur  which  all  these  coals 
contain  in  a  very  finely-divided  state,  disseminated  in  in- 
visible particles  through  the  mass,  and,  perhaps,  partly  in 
combination  with  iron. 

After  thus  determining  the  amoimt  of  water,  the  quantity 
of  matter  volatilized  from  the  coal  by  ignition  in  a  closed 
crucible  was  ascertained,  and  then  the  amount  of  fixed  car- 
bon by  burning  the  coal  with  access  of  air.  As  the  result  of 
these  operations,  we  have  the  proportion  of  gaseous  or  vo- 
latile matter  and  that  of  the  coke  or  fixed  residuum,  and, 
finally,  that  of  the  ash,  or  the  inorganic  and  incombustible 
portion  of  the  coal. 

The  quantity  of  sulphur  was  determined,  on  samples  of 
the  coal  picked  clean  from  all  the  pyrites  visible  to  the  eye, 
by  digesting  the  substance  with  chlorate  of  potash  and  chlo- 
rohydric  acid  until  complete  oxidation  had  taken  place.  The 
solution  was  then  evaporated  down  to  expel  the  excess  of 
acid,  and  the  sulphuric  acid  precipitated  by  a  salt  of  baryta. 

The  following  analyses  will  exhibit  the  general  composi- 
tion of  the  coals  of  Iowa  basin,  and  a  few  samples  of  coals 
used  in  Iowa  from  the  adjacent  State  of  Illinois  have  also 
been  examined  for  comparison. 

Specimen  collected  at  HavilVs  coaUhank^  near  New-Buffalo, 

This  is  an  impure  cannel  coal,  holding  a  position  in  point  of  che- 
mical composition  about  midway  between  a  pure  cannel  coal  and  a 
highly  bituminous  shale.  It  has  a  finely  laminated  structure,  a  rather 
dull  lustre,  and  a  tendency  to  a  conchoidal  fracture.  It  is  traversed 
by  numerous  joints,  or  thin  cracks,  which  are  filled  with  sulphuret 
of  iron. 

The  analyses  gave  ; 
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Water  2.87 


I  Total  volatile  matter     89.26 


Volatile  bituminous  matter        36.39 

Fixed  carbon  40.82  )  ^  ,  ^^^^ 

Ash  19.90  iC°^«  ^-'^ 


99.98  99.98 

The  amount  of  sulphur  present,  in  a  form  not  perceptible  to  the 
eye,  was  found  to  be  0.19  per  cent,  that  being  the  smallest  per- 
centage of  sulphur  observed  in  any  specimen  analyzed.  The  ash  was 
pulverulent,  and  of  a  light  reddish  grey  color. 

Composition,  calculated  on  the  coal  dried  at  212®  : 


Volatile 

37.47 

Fixed  carbon 

42.03 

Ashes 

20.48 

99.98 

This  coal  would  be  a  good  material  for  the  manufacture  of  gas; 
but  it  appears  to  occur  in  too  thin  a  stratum  to  be  capable  of  being 
worked  with  profit  (  See  section  of  Havill's  coal-bed,  page  124). 

Specimen  marked  ^^ Lower  coal :  28-tncA  seam,  near  New-Buffalo,  lowaJ*^ 

This  is  a  coal  of  a  rather  irregular  fracture,  having  tolerably 
well-marked  lines  of  bedding.  The  fractured  surface  in  the  direction 
of  these  lines  is  rough  and  uneven,  being  made  up  of  portions  having 
a  pitch-black  color  and  brilliant  lustre,  and  other  portions  with  a  dull 
surfece  and  lighter  shade  of  color.  It  is  intersected  by  numerous 
thin  seams  of  sulphate  of  lime,  which  are  perpendicular  to  the 
lamination  of  the  coal,  and  divide  it  into  small  blocks  of  irregular 
shape  and  size. . 

The  analysis  gave,  on  the  substance  dried  at  the  ordinary  tem- 
perature : 

I  Total  volatile         41.90 
\  Coke  68.10 


Water 

8.13 

Other  volatile  substances 

38.77 

Fixed  carbon 

49.08 

Ash 

9.02 

100.00  100.00 

Reduced  to  substance  dried  at  212<>  F.  : 
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Volatile  combustible  matter  40.02 

Fixed  carbon  50.67 

Ash  9.31 


100.00 
The  color  of  the  ash  was  light  red  :  it  was  quite  pulverulent  and 

infusible.  The  coke  is  hard  and  brilliant,  and  thoroughly  Aised. 
A  separate  determination  of  the  amount  of  sulphur  present  in 

the  picked  portion  of  this  coal,  gave  1.57  per  cent. 
For  a  description  of  the  bed  from  which  the  above  sample  was 

taken,  see  page  124.  The  thickness  of  the  bed  does  not  appear  to  be 

sufficient  to  encourage  working,  although  the  quality  of  the  coal, 

to  judge  from  the  specimen,  is  fair. 

Specimen  from  Rock  island^  Illinois. 

This  coal  is  nearly  connected  in  geographical  position  with  those 
which  have  been  previously  noticed.  The  specimen  analyzed  was 
from  the  bed  of  Messrs.  Thomas  &  Co.,  and  is  extensively  mined 
for  the  supply  of  the  river  towns,  from  Davenport  as  far  up  as 
Dubuque.  It  has  a  rather  regular  fracture,  with  well-marked  lines 
of  bedding.  The  fractured  surfaces,  parallel  with  the  thin  lines,  are 
coated  with  a  dull  fibrous  material,  which  has  a  perceptible  vege- 
table structure,  and  resembles  charcoal  in  appearance,  and  is  usually 
called  mineral  charcoal.  It  soils  the  fingers  readily  when  handled, 
while  the  fractured  surfaces  at  right  angles  to  the  bedding  are  quite 
clean.  The  specimen  analyzed  is  intersected  by  numerous  minute 
seams,  or  thin  plates,  of  gypsum;  while  portions  of  the  coal  from 
the  same  locality  contain  sulphuret  of  iron,  although  less  in  quan- 
tity than  in  most  of  the  coals  of  this  region.  When  heated  it  swells 
up  a  very  little,  and  leaves  a  porous  coke,  which  retains  the  form  of 
the  original  coal. 

The  analysis  gave,  on  a  specimen  which  had  remained  in  a  dry 
room  for  one  or  two  months  : 

Hygrometrio  moisture  7.96  )  rj.^^^  ^^j^^y^            ^^  .^3 

Volatile  combustible  matter  87.77  ) 

Fixed  carbon  53.15  )  ^^^^                        g^  27 

Ash  1.12  ) 

100.00  Toooo 


GEOLOGY  OP  IOWA.  405 

Or,  calculated  on  the  coal  dried  at  2129  T.  : 

Yolatile  oombiutible  substances        41.03 
Fixed  carbon  67.75 

Ash  1.22 


100.00 
The  amount  of  ash  is  smaller  than  in  any  coal  which  has  yet 

been  analyzed  from  this  region.  Its  color  is  light  reddish  gray,  and 

it  is  light  and  infusible. 

The  quantity  of  sulphur  present  in  the  clean  picked  coal  was 

0.72  per  cent. 

Specimen  from  the  Lower  coal  seam  at  La  Salle^  Illinois. 

*  As  the  La  Salle  coals  are  extensively  used  in  Northeastern  Iowa, 
analyses  were  made  of  the  samples  collected  at  that  place,  one  from 
the  lower  and  the  other  from  the  upper  bed.  The  specimen  from  the 
lower  bed  which  was  analyzed  is  a  tolerably  firm  coal,  breaking 
with  a  rather  smooth  fracture,  and  exhibiting  alternate  bands  of 
more  and  less  compact  glossy  substance.  It  contains  some  gypsum 
in  thin  plates  scattered  through  it.  When  heated  over  the  spirit 
lamp,  it  softens  and  swells  up  a  very  little  and  burns,  leaving  a  very 
porous  coke. 

The  analysis  gave  the  following  results  : 

^**^^  ^-^M  Total  voIatUe  42.59 

VolatUe  combustible  matter       36.97  > 

Fixed  carbon  ^^'^^  j  Coke  57.41 


Ash  6.26 


100.00  100.00 

Composition  calculated  on  the  substance  dried  at  212^  : 

Volatile  combustible  matter  89.17 

Fixed  combustible  54.19 

Ash  6.64 

100.00 

The  ash  is  pulverulent,  and  of  a  deep  chocolate-brown  color.  The 
coke  has  a  metallic  lustre  and  is  thoroughly  fused,  without  having 
swollen  up  to  any  considerable  extent. 

A  separate  trial  gave  as  the  amount  of  sulphur  present  in  the 
coal,  in  the  picked  portions,  1.18  per  cent. 
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The  mean  of  five  analyses  of  specimens  from  the  lower  bed  o{  the 
La  Salle  coal  basin,  by  Mr.  Pkatten,  of  the  Illinois  Geological 
Survey,  gives  the  following  results*  : 

Moisture  6.2 

Yolatile  89.2 

Fixed  carbon  45.7 

Ash  8.9 


100.00 


Specimen  from  the  Upper  Coal-seam  at  La  Salle,  from  the  shaft  of  the 
La  Salle  Coal  Mining  Company, 

This  coal,  in  hand  specimens,  closely  resembles  that  from  the  up- 
per bed,  and  the  analysis  does  not  indicate  any  material  difference. 
The  lower  bed  is  generally  preferred,  as  being  a  little  more  free  from 
pyrites,  and  bearing  transportation  better.  When  heated  over  the 
spirit-lamp,  this  coal  swells  up  a  little,  and  bakes  together  into  a 
spongy  coke  with  a  metallic  lustre  on  the  surface. 

The  analysis  gave  : 

Moisture  ^JfH  Total  volatile  matter    42.19 

Volatile  and  combustible  34.52  ) 

Fixed  carbon  ^^'^M  Coke  57.81 

Aflh  11.28  ) 

100.00  100.00 

Composition  of  the  coal  dried  at  212<>  -  220©  : 

Volatile  combustible  matter  87.39 

Fixed  combustible  matter  50.40 

Ash  12.21 


100.00 


The  ash  is  light  and  infusible,  and  of  a  reddish-grey  color.  A  sepa- 
rate determination  gave  as  the  amount  of  sulphur,  0.63  per  cent. 

The  La  Salle  coals,  together  with  those  from  the  vicinity  of  Rock 
island,  are  supplied  in  large  quantities  to  the  towns  bordering  on 
the  Mississippi  river,  north  and  south  from  the  last  named  place. 

*  Report  on  La  Salle  Coal  Mining  Company's  property^  by  the  State  Geologist.  La 
Salle,  1856. 
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Specimen  from  Cox*s  coal  bank,  two  miles  north  of  Hillsborough ,  Van 
Buren  county  :   Upper  portion  of  seam, 

A  pretty  compact  and  tolerable  firm  coal,  with  indications  of  fine 
lines  of  bedding  :  fracture,  parallel  with  these  lines,  somewhat  con- 
choidal ;  color  pitch-black,  and  lustre  quite  brilliant,  with  the  ex- 
ception of  occasional  patches  of  fibrous  material ;  intersected  by 
plates  of  sulphate  of  lime,  which  are  parallel  with  each  other,  and 
hardly  exceed  writing-paper  in  thickness  :  tarnished  with  pavonine 
tints. 

The  analysis  gave  : 


•^^  I  Total  volatile    49.66 
Volatile  combustible  41.74  ) 


Moisture  7.92 

I  Coke  50.34 


Fixed  carbon  46.76 

Ash  3.58 


100.00  100.00 

Composition  of  the  coal  reduced  to  the  dry  substance  : 

Yolatile  combustible  substances         45.83 
Fixed  carbon  50.78 

Ash  8.89 


100.00 
The  amount  of  sulphur  present  in  the  specimen  analyzed  was  only 

0.29  per  cent.  The  ash  is  white  and  light. 

This  coal  contains  quite  a  small  amount  of  ash,  as  compared  with 

other  samples  from  this  region  ;  and  is,  altogether,  one  of  the  best 

varieties  which  has  been  met  with  in  Iowa. 

Specimen  from  Dr.  CraiPs  bank,  two  miles  north  of  Hillsborough^  Van 

Buren  county. 

This  specimen  closely  resembles  the  last  described  one  from  the 
same  locality.  It  has,  however,  more  fibrous  substance,  or  mineral 
charcoal,  between  the  layers ;  but  is  almost  entirely  free  from  foreign 
substances,  such  as  pyrites  and  sulphate  of  lime.  When  heated  over 
the  lamp,  the  fragments  swell  up  and  fuse  together  into  a  porous 
coke. 

The  analysis  gave  : 
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Total  volatile    43.28 
'  Coke  56.72 


MoiBtnre 

5.30 

Volatile  and  combustible 

87.98 

Fixed  carbon 

54.85 

Ash 

2.37 

100.00  100.00 

The  composition  of  the  coal,  as  fully  dried  at  the  temperature  of 
212°,  is  : 

Volatile  and  combustible  substances         40.11 
Fixed  carbon  67.39 

Ash  2.50 


100.00 
The  amount  of  sulphur  in  this  coal  is  0.55  per  cent.  The  ash  is 

flocculent  and  white. 

This  specimen  and  the  preceding  one  are  among  the  best  which 

have,  thus  far,  been  obtained  in  the  State.  The  amount  of  ash  which 

they  contain  is  small,  and  the  quantity  of  sulphur  less  than  is  usual 

in  western  coals. 

Specimen  from  Slaughter's  coal  bankj  two  miles  above  Farmington^  Van 

Buren  county. 

This  coal  is  quite  compact  and  breaks  with  an  irregular  fracture, 
somewhat  conchoidal,  in  a  direction  parallel  with  the  lines  of  bed- 
ding, which  are  very  numerous  and  close  together,  but  almost  obli- 
terated. The  lustre  is  not  very  brilliant.  It  contains  a  little  pyrites 
and  sulphate  of  lime,  in  occasional  irregular  plates  and  blotches.  The 
coal,  on  being  heated,  fuses  readily  to  a  porous  coke. 

The  analysis  gave  as  follows  : 

^t*r      V     ..,      .  J-f!  Total  volatile        46.70 

Volatile  combustible  substanoes,  38.08  > 

Fixed  carbon  ^^.42  j  ^j^j^^  ^3  3^ 


Asb  5.88 


100.00  100.00 

As  calculated  on  the  coal  free  from  moisture,  the  composition  will 

be  : 

Yolatile  and  combustible  substances  41.67 

Fixed  carbon  51.90 

Ash  6.43 
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The  ash  Is  reddish-white  in  color.  A  special  determination  of  the 
sulphur  in  the  clean  picked  coal  gave  1.02  per  cent. 

This  coal,  to  judge  from  the  specimen  analyzed,  is  of  fair  quality, 
and  will  bear  transportation  rather  better  than  the  average  of  Iowa 
coals. 

Specimen   from  south  side  Des  Moines  river ^  one^half  mile  from  Farming- 
ton,  Van  Bur  en  county. 

This  specimen  is  a  tolerably  compact  coal,  with  indistinct  and 
irregular  lines  of  bedding.  Its  fracture  parallel  with  the  bedding 
is  irregular,  being  partly  conchoidal  and  exhibiting  patches  of  mi- 
neral charcoal,  alternating  with  pitch-black  brilliant  and  highly 
bituminous  portions.  It  contains  some  sulphuret  of  iron  irregularly 
scattered  through  the  mass,  in  thin  layers  parallel  with  the  bedding 
and  in  small  nodules.  When  heated,  it  swells  up  and  fuses  to  a  porous 
mass. 

The  results  of  the  analysis  were  as  follows  : 


Volatile  combustible  matter       37.27 
Fixed  combustible  matter  51.10 

Ash  7.01 


I  Coke  58.11 


100.00  100.00 

The  composition,  as  reduced  to  the  coal  when  entirely  free  from 
moisture,  will  be  : 

Volatile  combustible  89.07 

Fixed  carbon  53.58 

Ash  7.35 


100.00 

The  ash  is  bulky  and  of  a  light  reddish  color.  For  a  notice  of  the 
locality  where  the  coal  was  obtained,  see  page  155.  There  appears 
to  be  a  thickness  of  four  and  a  half  feet  of  coal,  separated  into  two 
seams  by  sixteen  inches  of  slate. 

Specimen  from  Manhard^s  coal  bank,  two  miles  southwest  of  lowaville, 
Van  Bur  en  county. 

This  coal  is,  as  far  as  can  be  judged  from  the  sample  taken  for 
analysis,  of  rather  inferior  quality,  being  much  mixed  with  sulphuret 
of  iron,  which  has  decomposed  and  incrusted  it  with  a  white  efflo- 
[Iowa  Suevbt.]  58 
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rescence.  It  is  thinly  laminated,  and  breaks  with  an  Irregular  frac- 
ture, which  is  somewhat  conchoidal  on  the  surfaces  parallel  with  the 
bedding,  and  exhibits  portions  of  jet-black  color  and  brilliant  lustre 
in  which  no  structure  is  visible,  intermixed  with  small  patches  of 
fibrous  material. 


The  analysis  gave  : 

Moisture 

Volatile  combustible  matter 

'^•'^^1  Total  volatUe 
40.23  ) 

47.99 

Fixed  carbon 
Ash 

3.90) 

52.01 

100.00 

100.00 

Or,  reduced  to  the  dry  coal  : 

Volatile  combustible           43.62 

Fixed  carbon 

52.15 

Ash 

4.23 

100.00 

The  ash  is  small  in  bulk  and  of  a  dark  color,  indicating  the  pre- 
sence of  considerable  iron  in  the  sample.  The  amount  of  sulphur 
present  in  portions  of  the  coal,  which  have  been  picked,  was  1.69 
per  cent. 

From  Mr.  Worthen's  description,  on  page  161,  this  sample  ap- 
pears to  have  been  taken  from  a  bed  of  coal  of  irregular  thickness, 
varying  from  three  to  five  feet,  which  has  been  opened  at  several 
points  within  the  distance  of  a  mile. 

Specimen  from  Business-corners^  Van  Bur  en  county. 

This  coal  is  finely  laminated,  and  tolerably  compact.  Between  the 
layers  there  are  thin  portions  of  fibrous  substance  or  mineral  char- 
coal, so  that  it  cannot  be  handled  without  crocking  the  fingers.  In 
the  specimen  analyzed  there  is  no  pyrites  or  gypsum  present  in  visible 
particles,  but  the  joints  perpendicular  to  the  bedding  are  stained 
with  iron  rust. 
The  analysis  gave  : 
Moisture  6.42  )  ^^^^  ^^^^.^^  44  gi 

Volatile  combustible  substanee  39.39  ) 


Fixed  carbon  47.80 

7.39 

100.00  100,00 


^"^-^^  }  Coke  56.19 

Ash  7.39  ) 
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Which,  reduced  to  the  dry  substance,  gives  : 

Volatile  combustible  matter  41.65 

Fixed  50.64 

Ash  7.81 

100.00 
The  ash  is  light-colored  and  pulverulent.  A  determination  of  the  . 
sulphur  present  gave  0.49  per  cent. 

This  appears  to  be  a  fair  quality  of  coal,  containing  but  a  mode- 
rate amount  of  sulphur.  It  is  not,  however,  as  well  calculated  to 
bear  transportation  as  some  of  the  Iowa  coals,  nor  is  it  as  cleanly  to 
handle. 

For  a  notice  of  the  locality  from  which  this  specimen  was  ob- 
tained, see  page  225. 

Specimen  from  Colbum's  bank,  opposite  Fort  Dodge,  Webster  county. 

This  coal  is  made  up  of  alternate  layers  of  more  or  less  dense  ma- 
terial. The  most  compact  pitch-black  and  brilliantly  lustrous  layers 
break  with  a  conchoidal  fracture  :  between  them  there  is  some  fi- 
brous substance,  which  contains  iron  pyrites  finely  disseminated 
through  it.  There  is  a  little  gypsum  in  fine  reticulations  scattered 
through  the  mass. 

The  following  are  the  results  of  the  analysis  : 

M^^*^^  ^^-^M  Total  volatUe    69.56 

Volatile  oombustible  matter    87.54  ) 

Fixed  carbon  ^3.06  )  q^j^^  494^ 

Afih  6.38  ) 

100.00  100.00 

Reduced  to  the  perfectly  dry  material,  the  composition  will  be  as 
follows  : 


Volatile  combustible  matter 

43.16 

Fixed  carbon 

49.50 

Ash 

7.34 

100.00 

The  ash  is  light-reddish  in  color.  The  sulphur  was  not  determined. 

The  quality  of  this  coal,  to  judge  from  the  sample  analyzed,  is 
tolerably  fair.  The  quantity  of  water  it  contains  is  uncommonly  large. 

The  bed  from  which  this  specimen  was  obtained,  as  noticed  by  Mr. 
WoRTHEN  on  page  178,  is  about  2^  feet' in  thickness. 
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Specimen  from  the  northeast  quarter  of  Section  18,  T.  88,  JR.  28,  Webster 

county. 

The  specimen  from  this  locality  is  of  a  very  fair  quality,  being 
tolerably  compact,  finely,  but  indistinctly,  laminated,  and  quite  ho- 
mogeneous in  its  texture.  It  breaks  into  cubical  fragments  ;  the  part- 
ings between  the  layers  exhibiting  traces  of  fibrous  structure.  There 
are  but  few  traces  of  sulphuret  of  iron  or  gypsum  in  the  specimen. 

The  following  are  the  results  of  the  analysis  : 

**°^*"«  ^^-^^j  Total  volatUe        49.93 


Yolatile  combustible  substance,  34.98 
Fixed  carbon  42.89 

Ash  7.18 


j  Coke  50.07 


100.00  100.00 

Or,  reduced  to  the  substance  as  dried  at  212®  : 

Volatile  combustible  substances         41.13 
Fixed  carbon  50.43 

Ash  8.44 


100.00 

The  ash  is  light  and  pulverulent,  and  of  a  reddish  color.  A  deter- 
mination of  the  sulphur  gave  0.81  per  cent. 

The  bed  from  which  this  specimen  was  taken  is  given  by  Mr. 
WoRTUEN,  on  page  174,  as  being  from  4^  to  5  feet  in  thickness.  The 
specimen,  of  which  the  analysis  is  given  above,  is  probably  better 
than  the  average  of  the  bed  from  which  it  was  taken,  as  this  is  no* 
ticed  as  containing  rather  more  than  an  average  amount  of  sulphuret 
of  iron. 

Specimen  from  the  southeast  quarter  of  Section  13,  T.  88,  JB.  28. 

This  specimen  is  of  quite  inferior  quality,  and  not  at  all  suited  for 
transportation  to  any  distance.  It  is  very  distinctly  bedded,  and  liable 
to  fall  to  pieces  by  breaking  parallel  to  the  lamination,  in  conse- 
quence of  the  oxidation  of  the  sulphuret  of  iron,  which  occupies 
innumerable  small  fissures,  both  parallel  with,  and  at  right-angles 
to,  th*e  bedding.  A  considerable  pprtion  of  this  specimen  is  made  up 
of  the  soft  fibrous  mineral  charcoal. 
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The  analysis  gave  : 

^TT       V     .V,                oo'SbotaWolatUe    43.15 
Volatile  combustible  matter,  83.69  > 

Fixed  carbon                         89.66  )  q  , 
Ash                                        17.19 

66.85 

100.00 

100.00 

Or,  as  calculated  on  the  dry  substance  : 

Volatile  and  combustible 

37.21 

Fixed  carbon 

43.80 

Ash 

18.99 

100.00 
The  ash  was  of  a  dark  color  and  quite  ferruginous.  The  amount 
of  sulphur  was  determined  on  a  sample  of  the  specimen  pulverized, 
without  picking  out  the  particles  of  visible  pyrites  ;  which,  in  this 
case,  was  impossible,  owing  to  the  intimate  mixture  of  the  pyrites 
with  the  coal.  As  thus  estimated,  the  quantity  of  sulphur  was  found 
to  be  2.52  per  cent,  equivalent  to  4.37  of  sulphuret  of  iron.  It  is 
evident  from  the  above  analysis,  that  if  the  specimen  analyzed  was 
a  fair  specimen  of  the  coal  from  this  locality,  it  is  not  fit  for  use,  if 
anything  better  can  be  obtained.  (See  page  174.) 

Specimen  from  Dr.  FuUer^s  bank,  near  Eldara,  Hardin  county. 

The  specimen  analyzed  was  taken  from  the  lower  part  of  the  bed, 
and  represents  its  least  sulphurous  portion  ;  but  there  is  a  conside- 
rable amount  of  pyrites  irregularly  disseminated  through  it.  Like 
much  of  the  coal  of  this  region,  it  contains  so  much  of  the  soft  fibrous 
charcoal-like  substance,  that  it  cannot  be  handled  with  convenience. 
When  heated  in  the  crucible,  it  swells  up  a  very  little  and  splits  into 
thin  plates,  but  does  not  fuse. 

The  following  are  the  results  of  the  analysis  : 

Moisture  ^2.45  U^^^j  ^^j^^.j^        ^g^g 

Volatile  combustible  substance,  85.73  ) 

Fixed  carbon  48.64  )  ^^^^  g^  g^ 

Ash  8.18  ) 


100.00  100.00 

As  calculated  on  the  dry  substance  : 
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Volatile  oombosiible  substances  40.81 

Fixed  carbon  49.85 

Asb  9.24 


100.00 

The  ash  is  a  mixture  of  white  and  light-red  portions  :  the  sulphur 
was  not  specially  determined. 

Fop  a  notice  of  the  locality,  thickness  of  the  bed  and  other  particu- 
lars in  regard  to  its  occurrence,  see  pages  269  -  271. 

Specimen  from  Slaughter's  bank,  near  Newton,  Jasper  county. 

The  quality  of  the  coal  at  this  locality  varies  considerably  in  dif- 
ferent portions  of  the  bed  :  most  of  it  is  very  sulphurous,  containing 
a  great  deal  of  pyrites  and  gypsum  deposited  in  all  the  minute 
seams  and  cracks,  giving  some  of  the  specimens,  when  freshly  bro- 
ken, the  appearance  of  having  been  gilded.  The  fractured  surfaces, 
parallel  with  the  planes  of  deposition,  are  covered  with  fibrous,  soft, 
charcoal-like  substance.  Fragments  heated  over  the  spirit-lamp  fuse 
to  a  porous  but  coherent  mass,  having  a  spongy  texture  and  a  bril- 
liant metallic  lustre  on  the  exterior. 

The  analysis  gave  the  following  results  : 

I  Total  volatile    50.05 
Fixed  carbon  44.51 


Moisture  8.33 

Volatile  combustible  matter,  41.72 


Ash  5.44  J^"'^^  ''-'' 


100.00  100.00 

The  composition  reduced  to  the  entirely  dry  substance,  is  as 
follows  : 

Volatile  combustible  substances        45.51 
Fixed  carbon  48.56 

Ash  5.93 


100.00 

The  ash  is  of  a  light-reddish  color. 

In  this  and  the  preceeding  specimen  the  quantity  of  sulphuret  of 
iron  was  not  only  large,  but  was  so  irregularly  distributed  throughout 
the  mass,  that  no  opinion  could  be  formed  of  the  value  of  the  coal 
from  the  analysis  of  a  single  specimen.  To  determine  its  amount 
satisfactorily,  a  portion  taken  so  as  to  represent  the  average  compo- 
sition of  the  coal  would  be  required ;  for  this  purpose,  a  large  quantity 
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of  the  material  should  have  been  pulverized  and  properly  sampled. 
As  near  as  could  be  estimated  by  the  eye,  the  amount  of  sulphuret 
of  iron  present  in  this  coal,  was  not,  on  the  average,  less  than  three 
or  four  per  cent. 

From  the  analyses  which  have  been  given  in  the  pre- 
ceding pages,  an  opinion  can  be  formed  as  to  the  quality  of 
the  coal  on  the  eastern  borders  of  the  coal-field  of  Iowa. 
As  before  remarked,  it  would  not  be  proper  to  infer,  from 
the  character  of  the  beds  occurring  in  this  part  of  the 
basin,  that  thicker  and  heavier  deposits  may  not  be  found 
in  a  southwest  direction,  towards  the  centre  of  the  basin. 
The  extreme  tenuity  of  the  formation,  as  we  approach  its 
limits  on  the  north  and  northwest,  would  give  groimd  for 
expecting  thinner  beds  and  a  poorer  quality  of  coal,  than 
would  be  found  where  the  strata  belonging  to  this  period 
are  developed  on  a  more  extensive  scale.  According  to  the 
reports  of  the  Geological  Survey  of  Missouri,  the  thickness 
of  the  Coal  measures,  in  the  northern  part  of  that  State, 
exceeds  700  feet ;  and  in  Central  Illinois  there  seems  to  be 
an  equal,  if  not  greater,  development  of  the  series.  On  the 
Des  Moines,  however,  the  actual  amoimt  of  strata  belonging 
to  this  position,  observed  in  any  one  section,  is  evidently 
considerably  less  than  this,  no  exposure  having  been  yet 
measured  which  would  give  much  over  a  hundred  feet;  and 
how  much  the  entire  thickness  of  the  coal-series  exceeds 
this,  in  that  region,  is  still  a  matter  of  uncertainty,  although 
it  is  not  probable  that  it  goes  over  a  hundred  and  fifty  feet,  in 
its  maximum  development. 

One  effect  of  the  thinness  of  the  series  will  be,  that  few- 
underground  workings,  or  expensive  shafts  and  machinery 
for  raising  water,  will  be  required.  The  coal  will  be  wrought 
in  numerous  localities,  by  small  parties,  to  satisfy  the  de- 
mand of  the  vicinity,  and  not  on  a  large  scale,  by  companies, 
for  export  to  distant  regions. 

Fire-clay.  This  substance  is  the  usual  associate  of  coal, 
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being,  almost  everywhere,  the  floor  on  which  that  substance 
has  been  deposited,  and,  in  the  quadruple  association  of 
coal,  iron-ore,  limestone  for  flux  and  fire-clay,  in  the  Coal 
measures,  completing  the  series  of  materials  required  for 
the  rapid  and  cheap  production  of  iron. 

There  are  numerous  localities  in  Iowa,  where  a  clay  suit- 
able for  making  fire-bricks,  pottery,  and  other  useful  articles 
of  the  kind,  has  been  noticed  :  they  are  all  in  strata  belong- 
ing to  the  Coal  measures.  It  is  not  known  that  the  manufac- 
ture of  fire-brick  has  been  attempted ;  but  there  are  several 
places  in  the  State,  where  pottery  of  the  coarser  kind  is 
turned  out  in  considerable  quantities.  For  reference  to  the 
locality  of  various  beds  of  fire-clay  already  discovered,  see 
pages  197,  207,  218,  230,  267  and  272. 

Material  for  common  bricks.  The  manufacture  of  common 
bricks  is  one  of  the  most  important  branches  of  that  indus- 
try to  which  the  resources  of  the  State  are  made  avidlable, 
with  the  exception  of  coal-mining  :  there  is  no  business 
depending  on  the  use  of  material  furnished  by  the  inorganic 
kingdom  which  will  continue  to  employ  so  large  an  amount 
of  capital  and  labor,  as  this  does.  In  those  regions  of  the 
State  where  outcrops  of  rock  are  distant,  the  chief  depend- 
ence of  the  inhabitants  for  building  materials  will  be  brick; 
and  as  the  scarcity  of  good  building  material  is  chiefly  in 
the  district  occupied  by  the  Coal  measures,  the  want  will 
be  more  easily  supplied,  since  fuel  for  burning  the  brick 
will  be  found  close  at  hand,  in  those  places  where  the  rocks 
are  not  durable  enough  for  use,  as  it  is  frequently  the  case  in 
this  portion  of  the  series.  The  material  for  brick-making 
is  found  everywhere  in  this  State,  in  the  superficial  forma- 
tions, which  are  spread  so  thickly  over  the  surface.  The 
naixture  of  clay  and  sand,  which  constitutes  the  larger  por- 
tion of  the  prairie  deposits,  is  usually  well  adapted  for  this 
purpose,  although  sometimes  too  calcareous  to  bum  into  a 
strong  compact  brick.  By  judicious  selection  of  material, 
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however,  good  material  for  this  manufacture  may  be  ob- 
tained in  almost  every  district  of  the  State,  without  going 
to  any  considerable  distance. 

Gypsum.  The  presence  of  gypsum  in  large  quantities  in 
the  interior  of  the  State  seems  to  be  a  well -ascertained 
fact,  and  there  can  be  no  doubt  that  Iowa  will  be  able  to 
supply  the  neighboring  States  with  an  abundance  of  this 
valuable  material.  The  localities  where  gypsum  has  been 
found,  are  in  the  vicinity  of  Fort  Dodge  :  for  a  notice  of 
them,  see  Mr.  Worthen's  Report  in  a  preceding  chapter, 
pages  175  to  178.  There  is  every  reason  to  suppose  that 
farther  explorations  will  reveal  the  existence  of  other  de- 
posits ;  but  those  which  are  already  known  are  capable  of 
furnishing  an  almost  inexhaustible  supply. 


METALLIC  ORES  ASSOCIATED  WITH  THE  VARIOUS  GROUPS- 
IRON. 

Iron-ore  in  the  Coal  measures.  The  presence  of  iron  ore  in 
connection  with  the  coal-bearing  strata,  throughout  the  Mis- 
sissippi valley,  seems  to  be  rather  an  exceptional  occurrence 
than  a  general  condition  of  things,  as  it  may  be  said  to  be 
in  many  other  parts  of  the  world.  In  England,  especially, 
the  iron  ores  associated  with  the  coal  are  of  the  greatest 
importance,  and  furnish  the  larger  portion  of  the  material 
from  which  this  metal  is  obtained.  In  this  country,  Pennsyl- 
vania, Maryland,  Virginia  and  Ohio  seem  to  be  the  most 
favored  States  in  regard  to  the  abundance  of  iron  ore  in  the 
Coal  measures.  The  more  Western  States,  Illinois,  Michigan, 
Missouri  and  Iowa,  are  much  less  bountifully  supplied  with 
ore  in  this  geological  position ;  although  there  are  immense 
deposits  in  some  portions  of  the  Mississippi  valley,  in  rocks 
[Iowa  Suuvet.]  '  68 
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belonging  to  various  members  of  the  geological  series  below 
the  coal.  Thus,  on  Lake  Superior  and  in  Missouri,  the  accu- 
mulation of  the  best  and  purest  ores  in  the  azoic  series  are 
truly  astonishing  in  quantity ;  and  in  Wisconsin,  Illinois  and 
Missouri,  there  are  very  important  deposits  in  the  palsBozoic 
series,  in  various  positions  from  the  Lower  Helderberg  lime- 
stone downwards  as  far  as  the  Clinton  group.  It  is  possible 
that  firture  investigations  in  the  Coal  series  of  the  Western 
States  may  reveal  deposits  of  iron  ore  in  that  position ;  but, 
taking  into  consideration  the  character  of  the  coal,  and  other 
circumstances,  it  is  hardly  possible  that,  even  if  such  were 
discovered,  they  would  become  of  much  importance  for  a 
long  time  to  come. 

However,  as  the  geological  surveys  are  still  in  progress  in 
several  of  the  States  bordering  on  the  Upper  Mississippi,  in 
which  a  large  amount  of  surface  is  covered  by  the  coal- 
bearing  strata,  and  which  have  been  as  yet  but  imperfectly 
explored,  it  would  be  premature  to  speak  positively  on  this 
matter. 

The  extreme  tenuity  of  the  Coal  measures  in  that  part 
of  Iowa  which  has  already  been  examined,  would,  of  itself, 
lead  to  the  idea  that  heavy  deposits  of  iron  ore  would  not 
be  likely  to  be  found  in  that  geological  position.  There  are 
some  localities,  however,  where  the  presence  of  iron  has 
been  noticed  :  the  only  one  which  has  fallen  under  the  notice 
of  the  geological  corps,  is  that  at  Crawford's  mill  on  Skunk 
river,  described  by  Mr.  Worthen  on  page  213  of  this  Report. 
The  bed  is  stated  to  be  from  two  and  a  half  to  three  feet 
thick ;  but  as  nothing  is  known  in  regard  to  its  superficial 
extension,  it  would  be  impossible  to  pronounce  positively  on 
its  value.  The  ore  is  a  hydrous  peroxide  of  iron,  containing 
considerable  insoluble  argillaceous  matter,  but  no  carbonic 
acid.  A  partial  analysis  gave  : 
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Insoluble  silioatea 

24.52 

Sulphnret  of  iron 

trace 

Peroxide  of  iron 

68.27 

Alamina,  lime,  magnesia  and  phosphoric 

acid 

traces 
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100.48 
58.27  of  peroxide  of  iron  =  40.79  of  metallic  iron. 

The  slight  excess  in  the  analysis  indicates  that  a  little  of  the  iron 
was  present  as  the  protoxide. 

The  amount  of  earthy  matter  in  this  ore  is  too  great  to 
allow  of  its  being  considered  a  good  ore,  although  it  might 
possibly  be  used  to  advantage,  if  its  association  were  such 
that  it  could  be  mixed  with  other  ores.  The  fact  that  it  is  a 
hydrous  peroxide,  and  not  an  earthy  carbonate,  would  indi- 
cate that  it  was  not  likely  to  form  a  very  persistent  mass ; 
but,  on  the  other  hand,  that  it  would  probably  be  found  to 
be  a  mass  of  limited  extent,  which  had  originated  from  the 
decomposition  of  pyrites. 

Iron-ore  in  the  Niagara  limestone.  The  deposits  of  ore  in 
connection  with  the  strata  of  the  Clinton  group  in  New- 
York  and  Wisconsin  are  of  considerable  importance;  and 
the  Clinton  and  Niagara  groups  being  merged  together  west 
of  the  Mississippi,  and,  so  far  as  we  yet  know,  not  to  be 
separated  from  each  other,  it  was  natural  to  suppose  that 
the  extensive  deposits  of  iron  ore,  which  have  been  reported 
as  occurring  in  the  Niagara  limestone  of  Iowa,  might  prove 
to  be  of  considerable  importance.  The  results  of  all  the  ex- 
plorations we  have  made  in  the  region  in  which  iron  has 
been  noticed  in  this  connection  are,  that  there  is  little  pro- 
bability of  workable  beds  of  ore  being  discovered  in  any  of 
the  groups  below  the  Coal  measures.  The  Lower  Helderberg 
rocks  occupy  so  small  a  space,  and  are  so  diminished  in 
thickness  from  what  they  are  in  New-York  and  to  the 
southwest,  that  there  is  but  little  chance  of  finding  any- 
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thing  of  importance  associated  with  that  group;  while  the 
character  and  position  of  the  ore  found  in  the  Niagara 
beds  in  Iowa  is  such  as  to  indicate  that  it  will  not  be  found 
in  extensive  and  persistent  beds,  but  only  in  irregular  and 
disconnected  patches,  and  not  of  sufficient  extent  to  be 
capable  of  being  worked  with  profit. 

The  reported  localities  of  iron-ore  in  Iowa  are  situated 
chiefly  in  Jackson  county,  near  the  Makoqueta  river  and  on 
the  branches  running  into  it  from  the  north  side,  especially 
Brush,  Farmer's  and  Lytle's  creeks;  and  this  district  has 
been  pretty  thoroughly  examined  during  the  progress  of  the 
Survey,  but  no  discoveries  of  any  importance  have  been 
made.  There  are,  it  is  true,  numerous  fragments  and  small 
masses  of  brown  hematite  ore  lying  upon  the  surface  in  some 
portions  of  that  region ;  and  these  have,  naturally  enough, 
among  those  not  acquainted  with  the  mode  of  occurrence 
of  the  metalliferous  ores,  been  presumed  to  indicate  the 
existence  of  heavy  beds  of  the  same  material  in  the  rocks 
below.  We  have,  however,  never  been  able  to  discover  a 
continuous  stratum  of  ore,  having  anything  like  the  dimen- 
sions necessary  to  justify  the  erection  of  furnaces  for  smelting 
iron.  The  ore  seems  to  have  originated,  in  some  instances, 
in  the  decomposition  of  nodules  of  iron  pyrites  distributed 
irregularly  through  the  rock ;  in  other  cases,  it  has  been 
deposited  in  the  fissures  and  cavities  of  the  limestone  by 
springs  charged  with  ferruginous  matter,  itself  probably  also 
the  result  of  the  decomposition  of  the  sulphuret.  That  this 
last-named  ore  has  been  the  source  from  which  much  of  the 
peroxide  was  derived,  is  proved  by  the  fact  that  the  masses 
of  the  hematite  ore  are  not  unfrequently  found,  when  broken, 
to  contain  undecomposed  sulphuret  of  iron  in  the  interior; 
besides,  they  sometimes  occur  in  crystallizations,  which 
are  pseudomorphs  of  this  mineral,  showing  conclusively  that, 
in  such  instances  at  least,  they  were  derived  from  its  decom- 
position. In  general,  the  fragments  of  iron  ore  lie  scattered 
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singly  over  the  surface,  and  this  is  not  an  uncommon  occur- 
rence over  the  whole  region  underlaid  by  the  Niagara  lime-  • 
stone  J  but  there  are  some  limited  districts,  where  the 
quantity  of  fragments,  which  have  been  liberated  by  the 
decomposition  of  the  rock,  is  considerable.  Usually,  these 
loose  masses  are  quite  small,  the  size  of  a  man's  fist  being 
the  most  common.  Occasionally,  the  ore  may  be  observed  in 
the  rock,  although  this  is  not  frequently  the  case.  When 
thus  seen,  the  evidence  of  its  local  origin  and  of  its  neces- 
sarily limited  range,  is  conclusive.  The  most  interesting 
locality  of  this  kind  which  was  noticed  was  on  land  belong- 
ing to  Mr.  Bowman,  2^  miles  southeast  of  the  town  of  Mako- 
queta.  Here  is  an  elevated  bluff  of  Niagara  limestone,  at 
whose  base  lie  large  masses  of  hematite  ore,  some  of  which 
are  from  four  to  six  feet  in  length  and  made  up  of  an  ag- 
gregation of  stalactitic  columns.  On  tracing  these  masses  to 
their  origin,  at  the  summit  of  the  cliff,  a  tunnel-like  cavity 
was  discovered,  lined  with  iron  ore,  as  represented  in  the 
annexed  wood-cut,  figure  43,  in  which  the  part  shaded  with 
oblique  lines  indicates  the  ore,  which  had  in  some  places  a 

thickness  of  several  inches.  It 

Fxo.  43. —  Section  of  iron  ore  deposit  ,       ,  .    , 

near  Makoqueta.  was  evident,  that  in  this  locality 

the  ore  had  been  deposited  from 
^r^  a  ferruginous  spring  percolating 
through  a  gradually  tapering  ca- 
vity, which  had  become  exposed 
to  view  by  the  wearing  away  of 
the  rock,  while  portions  of  the  ore  had  become  broken  out 
and  slid  down  the  face  of  the  bluff.  We  need  hardly  add, 
after  this  description,  that  the  locality  is  not  one  at  which 
the  erection  of  a  furnace  could  be  advised,  although  perhaps 
a  few  tons  of  ore  might  be  got  out  of  the  cliff,  or  picked  up 
in  loose  pieces  around  it.  Several  other  localities  were  ex- 
amined, in  which  iron  ore  was  supposed  to  be  present  in  in- 
exhaustible  quantity;   but,  as  not  one  was  discovered  in 
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which  a  regular  and  continuous  stratum  of  ore  could  be  traced, 
a  recapitulation  of  the  places  exatained  will  not  be  neces- 
sary. 

It  is  not  at  all  likely  that,  for  a  long  time  to  come,  de- 
posits, situated  as  these  are  with  reference  to  fuel  and  a 
market,  could  be  worked  to  a  profit,  eyen  if  the  conditions 
were  favorable  in  respect  to  quantity  and  quality  of  ore. 

On  the  whole,  it  is  surprising  how  little  ferruginous  matter 
is  disseminated  through  the  rocks  of  the  palaeozoic  series  in 
this  part  of  the  valley  of  the  Mississippi.  A  reference  to  the 
analyses  of  the  limestones  given  in  the  preceding  pages  of 
this  chapter  will  show,  that  iron,  in  its  various  forms  of  com- 
bination, rarely  constitutes  more  than  from  one-half  to  one 
per  cent  of  the  mass  of  the  strata ;  a  quantity  surprisingly 
small,  as  compared  with  the  amount  of  the  metal  present  in 
the  azoic  series,  which  constitutes  the  floor  on  which  the 
fossiliferous  rocks  of  this  region  were  deposited.  Periods  of 
disturbance  of  the  strata,  and  the  presence  of  the  intrusive 
rocks,  seem  to  have  acted  powerfully  on  the  dissemination 
of  ferruginous  matter. 

LEAD. 

The  great  lead  deposits  of  the  Mississippi  valley  may  be 
classed,  according  to  their  geographical  position,  under  two 
heads  :  the  Upper  Mississippi  and  the  Missouri  mines ;  at 
the  West,  they  are  commonly  distinguished  as  the  Upper 
and  Lower  mines.  The  first  of  these  divisions  embraces  the 
lead-region  lying  in  the  southwestern  portion  of  Wisconsin, 
and  including  a  small  portion  of  each  of  the  adjacent  States 
of  Illinois  and  Iowa  :  the  second  comprehends  the  mines 
in  the  State  of  Missouri,  which  lie  chiefly  to  the  south  of 
the  river  of  that  name.  These  lead-producing  districts  pos- 
sess many  features  in  common,  both  in  regard  to  the  geologi- 
cal position  and  the  mode  of  occurrence  of  the  ore ;  but  the 
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Upper  mines  have  always  been,  and  will  probably  continue 
to  be,  much  the  most  important. 

It  is  with  that  portion  of  the  Upper  Mississippi  mining 
region  which  lies  within  the  limits  of  Iowa,  that  we  have  to 
do  in  this  Report ;  but,  as  a  correct  idea  of  the  character  of 
the  lead-deposits  could  hardly  have  been  acquired,  had  the 
examination  been  confined  to  that  narrow  space,  it  will  be 
necessary,  for  the  purposes  of  comparison,  to  take  into  con- 
sideration and  develope  in  as  brief  a  manner  as  possible,  the 
principal  features  of  the  occurrence  of  the  lead  ores,  as  de- 
duced from  repeated  examinations  of  different  portions  of 
the  lead-region  within  the  boundaries  of  each  of  the  three 
States  in  which  it  is  included.  It  is  only  after  a  comparison 
of  the  phenomena  exhibited  by  the  deposits  of  metalliferous 
ores  in  many  different  regions,  that  general  opinions  can  be 
formed  with  any  reliability,  as  to  the  value  of  particular  lor 
calities;  and  even  then,  after  the  most  careful  investigation 
of  vein-phenomena  in  all  their  forms,  the  difficulty  of  the 
subject  becomes  apparent  in  the  impossibility  of  deciding 
some  of  the  most  important  questions  in  regard  to  them. 
Those  who  have  not  been  made  familiar  with  the  appearances 
presented  by  metalliferous  deposits,  in  many  different  geolo- 
gical positions,  and  under  a  great  variety  of  circumstances, 
are  very  likely  to  be  led  to  form  erroneous  opinions  in  judg- 
ing of  matters  in  which  there  is  so  little  seeming  regularity, 
and  in  regard  to  which  the  almost  invariable  tendency  of 
the  human  mind  seems  to  be  to  exaggerate. 

The  existence  of  lead  deposits  in  the  Northwest  was 
undoubtedly  well  known  to  the  aboriginal  inhabitants ;  but 
whether  they  were  worked  and  the  ore  smelted  into  metal- 
lic lead,  previous  to  the  time  of  the  whites,  is  a  question  of 
some  doubt.  It  is  stated  that,  although  galena  has  been 
repeatedly  found  in  the  mounds,  no  metallic  lead  has  ever 
been  discovered  among  the  relics  of  the  former  occupants 
of  the  soil.  It  would  seem,  however,  highly  probable  that  the 


424  CHEMISTBY  AND   ECONOMICAL  GEOLOGT. 

race  which  had  skill  and  perseverance  enough  to  mine  the 
native  copper  of  Lake  Superior,  in  numerous  localities,  and, 
in  some  places,  to  a  depth  of  fifty  feet,  in  a  rock  much 
more  difl&cult  to  work  than  the  limestone  accompanying  the 
lead  ore,  would  also  have  understood  the  simple  process  of 
smelting  the  lead  from  its  pure  and  easily-reducible  ore. 

The  first  discovery  of  lead  by  the  white  race  in  this 
region  dates  back  as  far  as  1700,  when  Le  Sueur  made  his 
famous  voyage  up  the  Mississippi,  as  far  as  the  St.  Peters ; 
up  which  stream,  near  the  mouth  of  the  Mukahto  or  Blue 
river,  he  supposed  that  he  had  discovered  a  mountain  of 
copper  ore.  Although  this  supposed  discovery  was  a  great 
mistake,  yet  there  is  reason  to  believe  that  he  did  find  lead 
ore  at  different  points  along  the  Mississippi.  About  twenty 
years  after  this,  mining  was  actually  commenced  in  the 
Missouri  lead-region;  although  it  was  not  until  1798  that  it 
became  a  regular  business,  and  was  carried  on  with  any 
system.  It  was  nearly  a  century  after  Le  Sueur's  discoveries, 
before  any  attempt  was  made  to  open  the  lead  mines  of  the 
Upper  Mississippi.  In  1788,  however,  Julien  Dubuque,  an 
Indian  trader  of  French  extraction,  who  had  previously 
settled  on  the  site  of  the  flourishing  city  which  is  now 
called  by  his  name,  obtained  a  grant  from  the  Councils  of 
the  Sacs  and  Foxes,  which  was  afterwards  confirmed  by 
Carondelet,  at  that  time  Governor  of  Louisiana,  of  a  large 
tract  of  land  situated  on  the  western  bank  of  the  river,  in- 
cluding the  rich  mineral  lands  of  that  vicinity.  Here  he 
remained,  engaged  in  mining  and  trading  with  the  Indians, 
until  his  death,  which  took  place  in  1810. 

It  was  not,  however,  until  about  the  year  1822  that 
mining  was  regularly  commenced  in  the  Upper  Mississippi 
valley.  In  that  year,  a  number  of  individuals  settled  in  the 
vicinity  of  Galena,  and  engaged  in  the  business  of  digging 
for  lead ;  and  so  rapidly  did  the  excitement,  consequent  on 
the  discovery  of  such  rich  deposits,  spread,  that  by  the  year 
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1827,  mines  had  been  opened  and  worked  over  nearly  the 
whole  extent  of  the  lead-region  on  the  east  side  of  the 
river.  Up  to  the  year' 1830,  the  Indians  had  held  possession 
of  the  west  bank  of  the  river,  and  had  not  permitted  any 
encroachments  of  the  miners  on  to  their  domain,  which 
had  not  yet  been  ceded  to  the  United  States  :  in  that  year, 
however,  in  consequence  of  the  hostility  of  the  Sioux,  the 
Foxes  abandoned  the  vicinity  of  the  river,  and  thus  that 
region  was  opened  to  the  whites,  who  immediately  crossed 
over  and  commenced  exploring  and  mining.  They  were  soon 
driven  away  by  the  United  States  troops,  as  the  land  had 
not  yet  been  purchased  of  the  Indians.  A  small  military 
force  was  stationed  here,  and  under  this  protection  the  In- 
dians returned  and  began  to  work  at  the  localities  aban- 
doned by  the  whites,  but  probably  under  their  direction, 
and  chiefly  for  the  benefit  of  the  traders  stationed  on  the 
other  side  of  the  river.  After  the  close  of  the  Blackhawk 
war,  in  1832,  which  resulted  in  the  ceding  to  the  United 
States  of  a  large  tract  of  land,  including  the  eastern  portion 
of  Iowa,  a  considerable  number  of  miners  crossed  over  and 
resumed  operations  on  that  side.  They  were  again  driven 
off  by  the  Government  troops,  as  the  treaty  had  not  yet 
been  ratified  by  the  Senate.  Finally,  in  1833,  permission 
was  given  to  take  possession  of  the  much-coveted  region. 
Attempts  were  made  by  the  government  to  collect  rent  for 
the  mineral  lands,  which,  by  the  act  of  Congress  of  March 
3d,  1807,  had  been  reserved  from  sale.  The  systeft^f  leasing 
the  reserved  mineral  tracts  was  kept  up  for  %  few  years, 
with  great  expense  and  trouble  to  the  government,  and 
finally  abandoned  in  1847,  when  lands  supposed  to  contain 
valuable  ores,  and  previously  reserved  on  that  account,  were 
thrown  open  for  entry  and  purchase. 

Previous  to  this  abandonment  of  the  system  of  leasing,  a 
geological  survey  of  the  lead-region  had  been  authorized  by 
Congress  in  1839,  for  the  purpose  of  ascertaining  the  extent 
[Iowa  Subvet.]  54 
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of  the  productive  lead  formation,  with  a  view  to  the  prepa- 
ration of  a  place  for  the  sale  of  the  lands  reserved  as 
mineral.  The  conduct  of  the  Survey  was  intrusted  to  Dr. 
D.  D.  Owen,  by  whom,  with  the  aid  of  a  hundred  and  thirty- 
nine  assistants,  it  was  accomplished  in  the  autumn  of  the 
same  year,  and  printed  without  the  maps  and  illustrations 
in  1840,  and  afterwards  reprinted  with  these,  in  1844.  Du- 
ring the  prosecution  of  the  State  Geological  Survey  of  Wis- 
consin, the  lead-region  has  been  made  the  subject  of  two 
Reports,  which  were  published  by  the  late  Dr.  Percival, 
the  State  Geologist,  and  which  are  chiefly  devoted  to  the 
discussion  of  the  subject  of  the  occurrence  of  the  lead  ores, 
and  the  stratigraphical  geology  of  the  region  in  which  they 
occur. 

The  productive  lead-region  of  the  Upper  Mississippi 
occupies  the  larger  portion  of  the  territory  south  of  the 
Wisconsin  river,  between  the  east  branch  of  the  Pecca- 
tonica  on  the  east,  and  the  Mississippi  on  the  west,  and 
extends  south  into  Illinois  as  far  as  Apple  river.  The  Mis- 
sissippi runs  near  the  western  edge  of  the  mineral  district ; 
but  there  is  a  considerable  area  of  productive  territory  on 
the  west  side  of  that  river;  the  limit  beyond  which  no  ore 
has  been  worked  on  that  side  being  the  outcrop  of  the  Nia- 
gara, as  seen  in  the  Geological  Map  accompanying  this 
Report. 

Nearly  the  whole  of  the  area  thus  bounded,  and  which  is 
peculiar^l  the  lead-producing  region  of  the  Northwest,  is 
underlaid  by  the  Galena  limestone,  of  whose  lithological 
character  and  distribution  on  the  surface,  within  the  limits 
of  Iowa,  enough  has  been  said  in  the  preceding  pages  of 
this  Report.  Although  this  limestone  occupies  most  of  the 
elevated  prairie  region  of  the  lead  district,  the  larger 
streams  are  found  almost  universally  to  have  cut  down  to 
lower  groups  ;  while  undulations  of  the  sandstones  bring  up 
these,  so  that  they  occupy  sometimes  a  considerable  extent 
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of  Burface,  where,  if  the  dip  were  uniformly  regular  through- 
out the  region,  we  should  expect  to  find  the  Galena  lime- 
Btone  occurring.  The  whole  thickness  of  the  series,  from  the 
top  of  the  Lower  sandstone  to  the  bottom  of  the  Galena, 
is  only  from  four  hundred  to  four  hundred  and  twenty- 
five  feet,  so  that  slight  undulations  of  the  strata,  in  a  region 
irregularly  denuded  and  furrowed  deeply  by  the  river- 
channels,  will  naturally  give  rise  to  considerable  irregu- 
larity in  the  distribution  of  the  groups  upon  the  surface. 
The  general  southern  dip  of  the  strata,  by  which  we  are 
carried  to  lower  rocks  as  we  proceed  northward,  causes 
the  Galena  limestone  to  thin  out  gradually  in  that  direction, 
and  to  be  more  and  more  restricted  to  the  most  elevated 
part  of  the  region;  so  that,  by  the  time  that  we  have 
reached  the  water-shed  between  the  streams  flowing  into 
the  Wisconsin,  and  those  running  south  into  the  Missis- 
sippi and  its  tributary  Rock  river,  we  find  the  Blue  lime- 
stone occupying  more  space  on  the  surface  than  the  Galena ; 
and  we  have  to  descend  the  vallies  to  the  north  but  a  short 
distance,  before  we  come  upon  the  Upper  sandstone. 

The  occurrence  of  lead  ore  in  the  region  under  considera- 
tion, is  limited  to  the  groups  between  the  Hudson-river 
shales  and  the  Lower  sandstones;  and  it  appcM^that  no 
profitable  workings  have  ever  been  carried  on  for  any 
length  of  time,  except  in  that  part  of  the  series  which  lies 
between  the  Upper  sandstone  and  the  Hudson-river  group ; 
while  much  the  larger  portion  of  the  lead  hitherto  obtained 
has  been  raised  from  the  Galena  limestone  proper.  Within 
the  limits  of  Iowa  and  Illinois  the  diggings  are  exclusively 
confined  to  this  position,  and,  in  Wisconsin,  there  are  no 
productive  workings  in  any  other  rock,  except  on  the  north- 
ern and  eastern  borders  of  the  district.  The  distribution  of 
the  lead  ore  seems,  in  reference  to  its  position  in  the  geolo- 
gical series,  to  have  been  influenced  by  the  geographical 
position  and  the  development  of  different  members  of  the 
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series.  Thus,  where  the  Galena  limestone  has  its  maximum 
thickness,  it  will  be  found  that  the  lead-deposits  are  limited 
to  the  central  and  lower  portions  of  this  rock,  and  by  far 
the  most  abundant  in  the  central,  never  penetrating  the 
Blue  limestone.  For  instance,  in  the  region  between  the 
Mississippi  and  Fever  rivers  and  its  immediate  vicinity, 
which  has  always  been  the  most  productive  part  of  the 
lead-region,  in  proportion  to  its  superficial  extent,  and  where 
the  Galena  limestone  is  developed  to  its  full  thickness  of 
two  hundred  to  two  hundred  and  fifty  feet,  we  know  of  no 
lead-bearing  crevices  extending  down  as  low  as  the  Blue 
limestone ;  and  we  have  become  satisfied  that,  in  the  great 
majority  of  cases,  at  least,  the  deposits  have  diminished  in 
productiveness  rapidly,  after  passing  below  a  limit  perhaps 
fifty  feet  above  the  base  of  the  Galena.  Neither  have  we 
ever  known  of  profitable  mining  in  the  Upper  portion  of 
this  rock  :  the  first  fifty  feet  seem  to  be  almost  as  barren 
of  ore  as  the  Niagara  limestone  itself.  If,  however,  we  go 
from  the  district  specified  above,  we  find  the  thickness  of 
the  Galena  limestone  diminished,  partly  by  denudation  and 
partly  by  the  original  thinning  out  in  that  direction ;  and  at 
the  same  time  we  notice  the  fact,  that  the  lead  deposits  are 
found  in  ^Mrer  and  lower^  positions  in  reference  to  the  geo- 
logical horizon,  until,  at  last,  we  reach  the  bottom  of  the 
Blue  limestone.  Here,  however,  the  Upper  sandstone  entirely 
cuts  oflf  the  ore,  there  never  having  been  a  single  instance, 
so  far  as  we  can  ascertain,  of  a  crevice  having  been  worked 
in  that  rock.  Below  this  sandstone,  in  the  Lower  magnesian 
limestone,  the  rock  becomes  metalliferous  again,  but  in  a 
highly  diminished  degree  ;  and  it  is  not  possible  to  include 
this  formation  in  the  productive  lead-bearing  series,  as  will 
be  more  fully  set  forth,  farther  on  in  this  chapter. 

The  sulphuret  of  lead,  or  galena,  is  almost  the  only  ore 
of  that  metal  which  is  found  in  the  Upper  Mississippi  mines ; 
the  oxidized  combinations  being  exceedingly  rare,  and  not  of 
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the  slightest  importance  in  an  economical  point  of  view. 
The  carbonate  of  lead  has  been  observed  at  the  Blue-mound 
diggings,  in  reniform  and  stalactitic  masses  of  considerable 
size  :  it  is  also  said  to  have  been  found,  in  connection  with 
the  sulphate,  at  Mineral  Point ;  but,  so  far  as  we  know,  no 
traces  of  arseniates,  phosphates  or  any  other  of  the  nume- 
rous oxidized  combinations  of  lead  have  ever  been  observed 
in  this  region.  Within  the  limits  of  Iowa,  we  have  never 
noticed  any  other  form  of  ore  than  the  sulphuret,  with  oc- 
casionally a  thin  incrustation  of  the  carbonate  over  it. 
The  chemical  composition  of  the  pure  sulphuret  of  lead 

is  : 

Lead  86.6 

Sulphur  13.4 

100.00 

The  galena  of  the  western  mines  contains  only  the  most 
minute  trace  of  silver,  a  metal  which  is  almost  invariably 
found  associated  with  lead,  and  frequently  in  suflScient  quan- 
tity to  be  separated  with  profit.  This  is  usually  the  case, 
however,  only  in  the  ore  obtained  from  the  crystalline  and 
metamorphic  rocks  :  the  unaltered  sedimentary  strata  fur- 
nish a  much  less  argentiferous  ore.  The  quantity  of  silver 
in  the  galena  of  the  Upper  Mississippi  mines  is  by  far  too 
small  to  be  worth  separating ;  the  smallest  amount  which 
can  be  profitably  separated,  under  the  most  favorable  cir- 
cumstances, being  from  six  to  eight  ounces  per  ton  of  lead, 
while  the  western  lead  ores  rarely  contain  more  than  a  frac- 
tion of  an  ounce  to  the  ton. 

The  crystalline  forms  in  which  the  galena  presents  itself 
in  the  western  mines,  is  almost  exclusively  the  cube.  Occa- 
sionally the  angles  of  the  cube  are  replaced  by  the  planes 
of  the  octahedron ;  but  the  simple  cubic  form  is  infinitely 
more  common  than  any  other.  The  crystals  are  usually 
rough  and  irregular,  as  if  somewhat  corroded  on  their  faces, 
and  grouped  together  into  a  variety  of  irregular  forms.  Oc- 
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casionally,  single  crystals  are  of  very  great  size  :  one  pre- 
sented to  the  State  Collection  by  A.  Estet,  Esq-  of  Galena, 
measured  about  seven  inches  along  one  of  its  edges,  and 
weighed  over  sixty  pounds. 

Different  names  are  given  by  the  miners  to  the  different 
forms  of  the  galena,  according  to  the  form  and  size  of  the 
crystals  and  their  arrangement  into  groups- The  terms  "dice- 
mineral' ',"cog-minerar\  "sheet-mineral",  "chimk-mineraF', 
etc-  explain  themselves,  the  ore  of  lead  being  universally 
designated  by  them  as  "mineral'*. 

The  freedom  of  the  galena  from  intermixture  with  other 
metalliferous  ores  throughout  the  Upper  mines,  and,  more 
especially,  in  Iowa,  is  remarkable.  Sulphuret  of  zinc  is  al- 
most the  only  one  which  occurs  in  any  quantity  intimately 
associated  with  the  galena,  and  the  large  majority  of  the 
diggings  do  not  show  even  a  trace  of  this.  Hence,  the  great 
softness  and  purity  of  the  metallic  lead  of  this  region,  and 
the  high  price  which  it  bears  in  comparison  with  most  of 
the  imported  metal. 

Having,  in  the  preceding  pages,  given  a  brief  sketch  of 
the  geographical  and  geological  position  of  the  lead-region 
of  the  Upper  Mississippi,  and  noticed  the  mineralogical  as- 
sociations of  the  ores,  we  come  next  to  examine  their  mode 
of  occurrence ;  by  which  term  is  meant,  the  relations  of  the 
metalliferous  deposits  to  the  rocks  in  which  they  are  enclosed, 
as  to  their  form,  extent  and  origin;  on  the  careful  study  and 
complete  understanding  of  which  conditions  depends  our 
knowledge  of  the  value  of  all  mining  property;  as,  the  more 
thorough  owf  acquaintance  with  the  peculiarities  of  any  class 
of  ore-deposits,  the  less  will  be  the  risk  in  opening  and 
working  them.  And  before  proceeding  to  describe  the  mode 
of  occurrence  of  the  lead  ores  of  the  region  in  question,  it 
will  be  advisable,  in  as  brief  a  manner  as  possible,  to  give  a 
general  idea  of  the  most  important  varieties  of  form  in 
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which  the  metalliferous  ores  occur,  as  well  as  to  define  some 
of  the  terms  used  in  speaking  of  them. 

The  forms  assumed  by  the  deposits  of  the  economically 
valuable  ores  are  various  and  complex,  and  the  limits  be- 
tween them  are  not  always  capable  of  being  drawn  with 
such  sharpness  as  to  admit  of  their  being  satisfactorily  clas- 
sified. For  convenience  of  description,  however,  it  has  been 
found  best  to  arrange  all  the  metalliferous  deposits  under 
two  heads  :  the  stratified  and  the  unstratified.  The  first  of 
these  classes  comprehends  such  masses  of  ores  as  are  included 
within  rocks  of  sedimentary  origin,  and  which  are  in  every 
way  identical  in  their  epoch  and  mode  of  formation  with 
the  strata  in  which  they  occur  :  this  class  of  deposits  may 
be  illustrated  by  reference  to  the  beds  of  iron  ore  in  the 
Coal  measures,  which  were  deposited  in  the  regular  order  of 
succession  of  the  members  of  that  series,  one  bed  differing 
from  another  only  in  the  chemical  composition  of  the 
material  of  which  they  are  made  up. 

The  unstratified  deposits,  on  the  other  hand,  which  class 
includes  most  of  the  forms  of  occurrence  in  which  the  metals 
other  than  iron  and  manganese  are  found,  present  a  series  of 
phenomena  of  a  complex  character,  the  real  nature  of  which 
cannot  always  be  easily  made  out.  In  the  most  general 
way,  they  may  be  divided  into  irregular  and  regular.  The 
irregular,  unstratified  deposits  include  :  igeneous  eruptive 
masses  of  ore,  as  for  instance,  the  iron  mountains  of  Lake 
Superior  and  Missouri;  stockwerk  deposits,  or  bodies  of 
rock  impregnated  over  an  irregular  space  with  metalliferous 
particles ;  contact-deposits,  or  accumulations  of  ore  between 
the  planes  of  contact  of  two  different  kinds  of  rock-masses. 
From  this  last  class,  we  pass  by  gradual  steps  to  that  of 
the  regular  unstratified  deposits,  or  mineral  veins,  the  term 
by  which  this  division  may  most  properly  be  designated.  A 
mineral  vein  may  be  defined  as  an  aggregation  of  mineral 
matter,  of  indefinite  length  and  depth  and  comparatively 
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small  thickness,  differing  in  character  from,  and  posterior  in 
formation  to,  the  rocks  in  which  it  is  enclosed.  Veins  may  be 
divided  into  three  classes,  segregated^  gash  and  true  veins. 
Segregated  veins,  which  are  peculiar  to  the  altered  crystal- 
line stratified  or  metamorphic  rocks,  are  usually  parallel 
with  the  stratification  and  of  limited  depth.  Clash  veins  may 
cross  the  strata  at  any  angle ;  but  are  limited  to  one  par- 
ticular group  of  strata,  and  are  peculiar  to  the  unaltered 
sedimentary  rocks.  True  veins  are  aggregations  of  mineral 
matter,  accompanied  by  metalliferous  ores,  within  a  crevice 
or  fissure  which  had  its  origin  in  some  deep-seated  cause, 
and  which  may  be  presumed  to  extend  for  an  indefinite 
distance  downwards. 

True  veins  are  almost  universally  admitted  by  geologists 
to  have  originated  in  "faults",  or  dislocations  caused  by 
great  dynamical  agencies  connected  with  extensive  move- 
ments of  the  earth's  crust,  and  for  this  reason  they  are 
believed  to  extend  indefinitely  downwards;  an  assumption 
which  is  supported  by  facts,  since  no  well-defined  vein  has 
ever  been  found  entirely  terminating  in  depth,  at  any  point 
which  has  yet  been  reached  by  mining  industry.  Gash- veins, 
on  the  other  hand,  are  supposed  to  have  originated  in  fis- 
sures produced  by  shrinkage,  or  some  other  cause  confined 
in  its  action  to  a  certain  set  of  beds,  and  not  extending  into 
strata  of  a  different  character  from  that  in  which  they 
originated.  The  principal  distinction  between  true  and  gash 
veins,  is,  that  the  former  may  be  worked  to  an  indefinite 
depth ;  while  the  latter,  however  rich  they  may  be  for  a 
certain  distance,  are  sure  to  give  out,  or  be  cut  off,  on  pass- 
ing into  another  set  of  beds  of  a  character  unsuited  to  their 
development;  so  that  no  one  vein  can  be  made  the  seat  of 
permanent  mining  operations,  requiring  a  large  amount 
of  costly  machinery,  as  is  the  case  with  true  veins,  some  of 
which  extend  for  miles  in  length,  and  have  been  worked 
downwards  for  centuries,  without  a  permanent  diminution 
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of  their  metalliferous  contents.  Among  the  most  striking 
characteristics  of  true  veins,  besides  their  persistence  in 
depth,  are  :  1st,  The  presence  of  a  peculiar  gangue  or  vein- 
stone, which  consists  most  frequently  of  quartz,  calc.  spar 
or  heavy  spar,  forming  the  bulk  of  the  vein,  through  which 
the  metalliferous  portions  of  the  ore  are  disseminated;  2d, 
A  peculiar  symmetrical  arrangement  of  the  contents  of  the 
vein,  especially  of  the  gangue,  which  is  called  the  comby 
structure  of  the  lode,  lode  being  synonymous  with  vein  : 
this  consists  in  a  disposition  of  the  different  mineral  sub- 
stances of  which  the  vein  is  composed,  in  parallel  layers 
on  each  of  the  walls,  with  their  crystalline  faces  turned 
inwards  towards  the  centre  of  the  lode ;  so  that,  if  the  vein 
were  divided  longitudinally  into  two  portions,  each  of  these 
halves  would  correspond  with  the  other  in  the  natiu^e  and 
arrangement  of  the  material  of  which  it  was  composed: 
3d,  Well-defined  walls,  or  sides  of  the  vein,  which  are  often 
grooved  and  polished  as  if  motion,  accompanied  by  immense 
pressure,  had  taken  place  along  these  surfaces,  and  which 
are  usually  separated  from  the  mineral  substances  forming 
the  vein-stone,  by  thin  bands  of  clayey  matter,  called 
selvages^  the  clay  itself  being  known  as  flucan. 

True  veins  are  usually  observed  to  traverse  the  rocks 
without  being  influenced  by  their  stratification,  sometimes 
coinciding  in  direction  with  the  strike  of  the  enclosing 
beds,  but  more  usually  cutting  them  at  a  greater  or  less 
angle.  On  passing  from  one  set  of  strata  into  another  of  a 
different  nature,  they  often  undergo  changes  in  the  character 
of  the  vein-stone  and  the  accompanying  ore,  but  the  fissure 
remains,  even  if  quite  barren  of  ore ;  persistence  in  depth 
being  the  most  marked  feature  of  this  class  of  deposits. 

Having  thus  noticed  the  most  important  characteristics 

of  the  different  classes  of  mineral  deposits,  we  shall  be  able 

to  proceed  more  intelligibly  to  a  discussion  of  the  varieties 

of  forms  under  which  the  very  remarkable  deposits  of  lead 

[Iowa  Stjbvet.]  65 


434  CHEMISTRT  AND   ECONOMICAL  GEOLOQT. 

ore  in  the  Upper  Mississippi  valley  present  themselves. 
These  deposits  approach  most  nearly  in  character  to  what 
have  been  designated  above  as  gash-veins ;  but  they  are,  in 
some  respects,  peculiar  in  character,  no  mining-region  ex- 
actly resembling  this  in  the  mode  of  occurrence  of  its  ores 
ever  having  been  observed  by  us  in  any  part  of  the  world, 
unless  it  be  in  the  Missouri  mines,  in  which  the  conditions 
of  the  Upper  mines  are  closely  imitated,  although  on  a 
somewhat  more  limited  scale. 

To  go  into  the  details  of  the  arrangement  of  the  lead- 
bearing  crevices  or  veins,  and  to  give  all  the  minute  particu- 
lars of  the  mode  of  occurrence  of  the  ore  in  the  great  variety 
of  localities  which  have  been  examined  in  the  lead-region, 
will  be  impossible  in  this  place,  as  a  full  treatment  of  the 
subject  would  require  far  more  space  than  can  be  allotted  to 
it  in  this  Report.  It  must  sufl&ce,  at  the  present  time,  to  set 
forth  the  general  results  which  have  been  obtained  in  a 
number  of  examinations  of  portions  of  the  lead-region  made 
since  1852,  and,  illustrating  the  subject  by  reference,  parti- 
cularly, to  localities  within  the  limits  of  Iowa,  to  make  a 
practical  description  of  these  principles  to  a  discussion  of 
the  probable  future  of  the  lead-mining  interests  of  the 
Northwest,  and  the  best  course  to  be  followed  in  order  to 
their  most  economical  and  satisfactory  development. 

The  first  thing  which  impresses  the  mining-engineer,  who 
visits  the  Upper  Mississippi  region,  having  an  acquaintance 
with  the  important  mining  districts  in  other  parts  of  the 
world,  is  the  fact,  that  the  mines  here  have  only  been 
wrought  to  a  very  limited  depth  and  then  abandoned ;  so 
that,  throughout  the  whole  lead-region,  where  he  will  see 
one  excavation  where  persons  are  still  at  work,  he  will  no- 
tice a  hundred  others,  where  nothing  is  doing,  and  most  of 
which  appear  to  have  been  abandoned  forever.  Again,  he 
will  observe,  that,  instead  of  an  extensive  and  costly  plant 
(as  the  machinery  and  fixtures  of  a  mine  are  called)  and  a 
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large  body  of  miners,  there  will  be  usually  no  more  than 
two  persons  engaged  on  any  one  vein  or  crevice,  and  that 
their  machinery  will  be  limited  to  a  windlass  and  a  bucket. 
Moreover,  he  will  visit  many  diggings  where  no  ore  is  rais- 
ing, before  he  comes  upon  one  which  is  producing  lead ;  and 
this  will,  perhaps,  astonish  him  by  the  extraordiijary  amount 
of  ore  which  is  presented  to  view  within  the  excavations, 
and  the  facility  with  which  it  can  be  mined  and  brought  to 
the  surface.  Some  persons  who  have  been  accustomed  to  deep 
mining  in  Europe,  have  visited  the  Northwest  and  returned 
full  of  contempt  for  the  system  adopted,  as  if  the  shallow- 
ness of  the  mines  were  the  fault  of  the  miners,  and  not  the 
necessary  result  of  the  mode  of  occurrence  of  the  ore  itself. 
To  maintain  that  the  deposits  of  ore  in  this  region  are  con- 
tinuous in  depth,  is  to  attempt  to  convict  all  the  miners 
who  have  ever  worked  here  of  imbecility.  Did  the  direc- 
tors of  the  Cliff  or  Minnesota  mines  propose  to  suspend 
operations,  when  they  hal  reached  the  point  where  costly 
machinery  was  needed  to  drain  their  works  ?  There  are, 
undoubtedly,  some  instances  in  which  valuable  bodies  of  ore 
have  been  left  going  down,  on  account  of  water ;  but  it  was 
because  the  general  experience  of  the  region  has  fully  im- 
pressed the  miners  with  the  belief,  that,  in  the  large  majority 
of  cases,  the  outlay  required  for  the  costly  machinery  by 
which  deep  mines  are  kept  free  from  water  will  not  be  re- 
imbursed, as  the  distance  to  which  the  crevices  can  be 
followed  and  ore  found  in  them  is  always  limited,  and  does  not 
generally  extend  far  below  the  point  at  which  the  water  be- 
comes too  abundant  to  be  kept  under  by  simple  machinery.  We 
have  mentioned  before,  that  no  crevice  has  ever  been  traced 
into  the  Upper  sandstone,  at  least  for  more  than  a  very  short 
distance,  or  found  in  the  slightest  degree  productive  in  that 
rock.  The  extreme  depth  to  which  a  mine  might  be  wrought, 
under  the  most  favorable  circumstances,  if  we  suppose  the 
crevice  to  extend  from  the  top  of  the  Galena  to  the  bottom 
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of  the  Trenton  limestone,  would  be  about  three  hundred  and 
twenty-five  feet  in  that  part  of  the  district  where  the  first 
named  rock  has  its  full  development.  In  point  of  fact, 
however,  the  actual  extent  of  metalliferous  ground  is  much 
less  than  this ;  since  where  the  crevices  are  developed  in  the 
upper  and  middle  portion  of  the  Galena,  they  do  not  extend 
down  as  far  as  the  Trenton,  the  deepest  workings  never 
having  penetrated  more  than  two  hundred  feet  below  the 
surface,  and  the  actual  mining  ground,  in  the  very  large 
majority  of  instances,  being  comprised  within  fifty  feet  of 
vertical  height. 

The  lead-deposits  of  the  Northwest  do  not,  therefore, 
present  the  most  important  feature  of  true  veins,  namely, 
persistency  in  depth;  neither  do  they,  on  the  other  hand, 
exhibit  the  character  and  disposition  of  vein-stone,  or  of 
wall-rock  which  have  been  noticed  above  as  belonging  to 
that  class  of  deposits. 

On  attempting  to  classify  the  mineral  deposits  of  the 
Northwest,  according  to  their  predominating  forms,  we  find 
that  they  may  be  conveniently  arranged  under  three  heads : 
Surface  deposits;  Vertical  crevices,  and  Flat  sheets.  The 
surface  deposits  are  not  peculiar  to  this  region,  or  to  any 
particular  class  of  ores  :  they  depend  for  their  existence  on 
the  destruction  of  previously  formed  accumulations  of  ore, 
by  the  denudation  or  gradual  decomposition  of  the  rocks  in 
which  they  were  contained,  and  the  consequent  liberation  of 
the  metalliferous  portions,  which  may  remain  irregularly 
scattered  through  the  superficial  detritus  near  the  place  of 
their  origin,  or  be  carried  by  currents  of  water  or  other 
causes  to  a  distance  from  their  native  bed.  In  the  forms  of 
the  vertical  crevice  and  the  flat-sheet  deposit,  and  their  com- 
binations with  each  other,  we  have  the  modes  of  occurrence  of 
the  lead  ore  which  are  peculiar  to  this  region,  and  which 
will  be  explained  as  briefly  as  possible. 
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Surface  deposits.  The  masses  of  ore, which  have  been  li- 
berated by  the  decomposition  of  the  rock  near  the  surface, 
lie  imbedded  in  the  clayey  loam  which  forms  the  bulk  of 
the  prairie  soil,  and  are  called  by  the  miners  "  float-mineral'*. 
The  amount  of  lead  obtained  from  this  kind  of  diggings  is 
small ;  but  the  occurrence  of  float-mineral  is  of  importance 
to  the  miner,  as  being  his  chief  guide  to  the  discovery  of  the 
ore  in  the  crevices.  The  fragments  have  not  usually  been 
transported  far  from  their  original  position ;  and  the  discovery 
of  loose  pieces  in  the  soil  is  an  almost  certain  indication  of 
the  proximity  of  a  deposit  of  more  or  less  value  in  the  ad- 
jacent rock,  and  it  is  the  only  one  which  can  be  relied  on 
by  the  "prospecter".  (Searching  for  ore,  or  skoding,  as  it  is 
termed  by  the  Cornish  miners,  is  called  in  the  lead  region 
prospecting.) 

In  prospecting,  the  crevices  are  usually  discovered  at  their 
outcrop  in  the  vallies,  where  the  denudation  of  the  surface 
has  exposed  a  considerable  thickness  of  rock  in  the  sides  of 
the  bluffs.  When  thus  found  and  traced  as  far  as  is  necessary 
to  ascertain  the  direction  of  the  lode,  shafts  are  sunk  along 
its  presumed  course,  through  the  superficial  detritus  into  the 
rock,  until  the  crevice  is  struck ;  or,  if  not  hit  upon  exactly 
in  the  shaft,  drifts  are  extended  each  way  until  it  is  disco- 
vered. When  the  rock  is  not  well  exposed  in  the  river  sec- 
tions, the  difficulty  of  ascertaining  the  position  of  the 
crevices  is  vastly  increased ;  and  there  are  extensive  tracts 
in  the  mineral  districts  where  no  lead  has  been  discovered, 
simply  because  the  rock  is  so  deeply  covered  with  soil  and 
detritus,  that  explorations  cannot  be  carried  on  without  too 
great  an  expenditure  of  money. 

Vertical  crevices.  The  term  crevice^  as  generally  applied, 
in  the  lead-region,  is  nearly  synonymous  with  vein  or  lode 
as  used  in  other  mining  districts.  It  designates  the  vein-like 
fissures,  or  gash- veins  as  they  may  be  termed,  in  which  the 
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ore  is  found  occurring,  and  especially  those  portions  of  them 
where  the  walls  are  near  each  other,  and  the  fissure  has  not 
widened  out  into  what  is  called  an  opening.  A  more  general 
term  still,  for  the. accumulation  of  ore  along  a  certain  series 
of  crevices  and  openings,  is  that  of  rangCy  and  with  this  the 
word  lead  is  nearly  synonymous.  To  "strike  a  lead*'  is  to 
come  upon,  or  discover,  a  productive  mineral  deposit.  The 
term  "lead"  may  be  a  corruption  of  lode^  by  which  miners 
usually  designate  a  vein  producing  ore  ;  or  it  may  be  a  con- 
traction of  leader y  a  Cornish  term  for  a  branch  of  ore  falling 
into  the  main  lode,  and  thus  leading  the  miner  to  its  disco- 
very. On  account  of  the  inconvenient  similarity  in  spelling 
between  the  metal  lead  and  the  ore-bearing  leady  the  use  of 
the  latter  should  be  dropped,  and  lode  or  range  substituted 
for  it. 

The  mineral-bearing  crevices  may  be  described  individu- 
ally, or  in  reference  to  their  form,  dimensions,  the  position 
of  the  ore  in  them,  and  other  such  conditions  as  appertain 
to  each  taken  by  itself  :  they  may  also  be  considered  collec- 
tively, in  their  relations  to  each  other,  their  grouping  and 
general  surface  arrangement,  as  well  as  the  limitations  of 
their  peculiar  forms  to  the  different  subdivisions  of  the  geo- 
logical series. 

The  simplest  form  in  which  lead  ore  is  found  occurring,  in 
the  region  under  consideration,  is  the  vertical  sheet,  or  up- 
right crevice  filled  with  galena,  where  the  whole  remains  in 
the  same  condition  in  which  it  was  when  the  ore  was  first 
deposited  in  the  fissure,  the  rock  not  having  imdergone  de- 
composition, so  as  to  allow  the  mineral  to  be  washed  out  of 
its  place.  The  thickness  of  these  sheets  varies  from  that  of 
a  knife  blade  up  to  several  inches  :  in  very  rare  cases,  a 
solid  sheet  of  ore  may  extend  for  some  distance,  having  a 
thickness  of  a  foot  or  more ;  but  bodies  of  ore  of  this  mag- 
iiitude  are  usually  connected  with  "openings",  as  will  be 
explained  farther  on,  or  they  have  a  nearly  horizontal  posi- 


QE0L06T   OP  IOWA.  439 

tion,  and  belong  to  the  class  of  "flat-sheet  deposits".  The 
vertical  sheet  is  usually  from  one  to  three  inches  in  thick- 
ness, and  is  pretty  regular  in  its  form,  the  walls  maintaining 
their  parallelism  for  some  distance  and  then  gradually  clos- 
ing up,  the  ore  thinning  out  and  disappearing.  In  these 
crevices  there  are  rarely  any  of  the  usual  accompaniments 
of  a  vein,  such  as  a  gangue  or  vein-stone,  and  never  smoothed 
and  striated  walls  :  there  is  sometimes  a  little  clay,  or  fer- 
ruginous matter  between  the  ore  and  rock  ;  but,  more  gene- 
rally, the  one  is  directly  adherent  to  the  other  without  any 
separating  substance.  When  the  crevice  is  barren  of  ore,  it 
is  usually  filled  with  clay,  or,  more  rarely,  with  brown  oxide 
of  iron.  Sometimes  when  the  ore  gives  out,  calcareous  spar 
takes  its  place,  especially  in  the  lower  part  of  the  Galena 
limestone ;  but  neither  does  this  mineral,  or  any  other  vein- 
stone, ever  appear  in  the  vertical  crevices  with  the  comby 
structure  characteristic  of  the  true  vein. 

Vertical  sheets  of  the  kind  just  described  are  rarely  of 
great  extent  in  any  direction ;  but  a  number  of  them  are 
sometimes  grouped  together,  so  that  they  may  be  profitably 
mined  in  one  excavation.  Single  sheets  are  said  to  have 
been  followed  down  uninterruptedly  for  nearly  one  hundred 
feet,  but  no  such  instances  have  ever  fallen  under  our  ob- 
servation. On  the  whole,  but  a  small  portion  of  the  ore 
raised  occurs  in  the  vertical  sheet  form  :  in  much  the  larger 
number  of  instances,  the  vertical  crevice  is  connected  with 
what  is  called  an  openings  and  this  may  be  considered  as  the 
characteristic  mode  of  occurrence  of  the  lead  ore  in  the 
middle  and  upper  portions  of  the  Galena  limestone,  the  flat 
sheet  being  almost  exclusively  limited  to  the  lower  part  of 
that  rock  and  the  upper  portion  of  the  Trenton. 

The  opening  is  the  expansion  of  the  crevice  in  a  single 
stratum  or  a  set  of  strata,  in  which  the  conditions  were 
more  favorable  to  the  accumulation  of  ore,  and,  on  passing 
into  which,  the  previously  nearly  closed  fissure  widens  out 
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suddenly  and  becomes  productive.  This  change  from  a  mere 
seam  to  a  wide  opening  is  the  more  marked,  because,  in  the 
metalliferous  stratum,  the  rock  adjacent  to  the  crevice  has 
usually  undergone  decomposition,  and  been  partially  or  en- 
tirely removed,  leaving  a  cavity  of  irregular  dimensions, 
which  sometimes  expands  out  into  what  may,  with  propriety, 
be  called  a  cave.  To  this  peculiarity  the  term  opening  owes 
its  derivation. 

In  different  localities,  the  forms  and  dimensions  of  th^ 
openings  vary  considerably.  Their  vertical  height  is  not 
usually  less  than  four,  or  more  than  fifteen  feet;  and  the 
same  opening  may  vary  between  these  limits,  in  different 
parts  of  the  course.  The  opening  is  equally  liable  to  expan- 
sion and  contractions  in  width ;  and,  while  from  four  to  ten 
feet  may  be  considered  as  being  the  usual  dimensions,  there 
are  localities  where  the  rock  retains  its  metalliferous  cha- 
racter, and  is  more  or  less  marked  with  the  peculiarities  of 
the  opening,  for  a  width  of  forty  feet.  The  number  of  open- 
ings, or  productive  strata,  which  may  in  any  one  locality 
be  found  occurring,  one  below  the  other,  is  variable  in  dif- 
ferent districts  of  the  mining  region.  In  the  majority  of 
cases,  there  is  only  one ;  and,  although  there  may  be  as 
many  as  five,  one  is  usually  much  more  productive  than  the 
others. 

The  transition  from  the  unproductive  into  the  metalli- 
ferous stratum  is  usually  a  sudden  one,  so  that  the  rock 
above  the  opening  is  firm  and  solid,  and  covers  it  like  a 
cap,  and  is  for  this  reason  called,  by  the  miners,  the  ccqh 
rock.  Not  unfrequently,  however,  the  expansion  takes  place 
more  gradually,  and  often,  in  the  same  crevice,  unequally, 
so  that  the  opening  will  in  one  place  be  capped  over  by  a 
flat  stratum,  in  which  nothing  more  than  a  mere  seam  is 
discerfiible ;  while,  in  other  places,  the  cavity  will  extend 
far  up  into  the  cap-rock,  gradually  diminishing  in  width  as 
it  is  followed  upwards.  When  the  opening  presents  itself 


OEOLOGT  OF  IOWA.  441 

with  irregular  forms,  and  with  a  solid  cap  above,  it  is  called 
a  square-opening  :  when  it  becomes  irregularly  elliptical  in 
form  and  expands  to  a  great  size,  it  comes  under  the  de- 
nomination of  a  cave-opening.  Some  openings  exhibit 
irregularly-fol'med  conical  cavities  passing  up  into  the  cap- 
rock,  which  are  called  chimneys,  and  which  are  often  lined 
with  a  stalactitic  deposition  of  carbonate  of  lime.  The 
annexed  wood-cut,  figure  44,  will  serve  to  convey  an  idea  of 
these  lingular  forms,  which  have,  apparently,  been  worn 
out   by   the   percolation  of 

J.  mi_-  X-      1  •  Fig.  44. — Opening  with  chimneys,  near 

water.    This   particular  m-  Dubuane. 

stance  of  the  occurrence 
of  chimneys  was  observed 
at  Schaffner's  diggings,  near 
Dubuque,  where  a  cave-like 
crevice,  filled  with  clay,  but 
barren  of  mineral,  was  opened 
for  some  five  hundred  feet  in  length.  The  opening  itself  was 
from  six  to  eight  feet  in  height,  and  about  the  same  in 
width;  but  numerous  chimneys  were  observed  extending 
up  into  the  cap-rock,  sometimes  to  a  distance  of  twenty- 
five  or  thirty  feet :  many  of  these  were  beautifully  rounded, 
and  tapered  upwards  to  a  fine  point,  being  lined  with  in- 
crustations of  calc.  spar,  and,  in  some  cases,  with  this  mineral 
in  layers  alternating  with  clay. 

The  manner  in  which  the  ore  is  disposed  in  the  openings 
is  very  simple.  More  generally,  the  opening  is  only  partly 
filled,  and  the  materials  which  occupy  it  are  of  such  a 
nature  as  to  show  that  they  have  been  derived  from  the 
decomposition  of  the  rock  which  once  occupied  the  opening, 
and  through  which  galena  was  disseminated  in  various 
forms,  such  as  nodules,  strings,  bunches  and  flat-sheets. 
Often,  the  arrangement  of  the  material  in  the  opening  is 
such  that  it  may  be  observed  to  have  undergone  decomposi- 
tion without  having  been  removed  from  its  place ;  as  the 
f  Iowa  Survey.]  66 
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stratification  may  be  traced  distinctly  across  the  decom- 
posed mass,  from  one  side  of  the  crevice  into  the  other. 
Again,  in  other  cases,  the  whole,  or  the  larger  part  of  the 
contents  of  the  opening,  have  been  washed  out  by  cmrents 
of  water ;  leaving  an  irregular  cavity,  at  the  bottom  of  which 
a  mass  of  detritus  is  accumulated,  and  which  will  be  found 
filled  with  fragments  of  ore,  if  the  opening  was  a  rich  one. 
Sometimes,  after  the  contents  of  the  opening  had  been 
removed,  it  has  become  filled  up  again  with  clay,  which  has 
slowly  filtered  into  it  from  above,  through  crevices  com- 
municating with  the  surface.  This  clay  has,  in  numerous 
instances,  been  found  to  contain  the  remains  of  a  former 
generation  of  animals,  once  the  inhabitants  of  this  region, 
among  which  the  peccary,  mastodon,  wolf  and  bufialo  have 
been  observed ;  the  two  former  species  in  so  many  localities, 
as  to  lead  to  the  inference  that  they  were  once  abundantly 
distributed  through  the  valley  of  the  Upper  Mississippi. 

In  some  instances,  the  opening  seems  to  have  been  formed 
previous  to  the  introduction  of  mineral  matter  into  it ;  al- 
though, more  usually,  it  appears  to  have  depended  for  its 
existence  on  the  change  which  took  place  in  the  character 
of  the  rock,  at  the  time  of  the  deposition  of  the  ore.  This 
change,  however,  was  not  always  necessarily  connected 
with  the  presence  of  lead  ore ;  as  there  are  cavities  resem- 
bling, in  most  respects,  the  mineral-openings,  and  yet 
entirely  barren  of  mineral.  Such  cavities  have  also  been 
formed,  and  ore  has  been  afterwards  introduced  into  them, 
either  depositing  itself  on  their  walls,  and  lining  them  like 
a  shell,  or  filtering  in  from  above  and  forming  a  crystallized 
mass,  hanging  down  into  the  vacant  space  below  :  instances 
of  these  forms  will  be  described,  in  noticing  particularly 
some  of  the  more  interesting  mines  near  Dubuque,  farther 
on  in  this  chapter. 
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Flat  Sheets.  The  deposits  in  the  form  of  horizontal 
sheets,  or  in  flat  openings,  are  mostly  limited  to  the  lower 
part  of  the  Galena  limestone,  and  the  upper  and  middle 
portion  of  the  Trenton  :  where  horizontal  layers  of  ore 
occur  in  the  upper  portion  of  the  Cralena,  it  is  chiefly  as 
subordinate  to  the  vertical  crevices ;  the  latter  sending  off 
branches  or  lateral  offshoots,  of  moderate  dimensions  com- 
pared with  the  principal  vertical  mass.  This  arrangement 
of  a  vertical  crevice,  with  flat  sheets  subordinate  to  it,  is 
intimately  connected  with  the  form  of  the  openings  them- 
selves ;  since  it  is  by  the  decomposition  of  the  rock  sur^ 
rounding  the  deposits  of  lead,  that  the  dimensions  of  the 
cavities  have  been  determined. 

The  deposits  in  flat  sheets  are  quite  various  in  form ;  but, 
in  the  greater  number  of  instances,  they  are  imbedded  in, 
or  interstratified  with,  the  solid  rock,  the  strata  with  which 
the  ore  is  associated  not  having  undergone  decomposi- 
tion, so  as  to  give  rise  to  a  cavity.  Much  more  frequently 
than  in  the  vertical  crevices,  the  galena  is  found  associated 
with  other  metalliferous  ores,  especially  with  blende  and 
pyrites ;  while  the  presence  of  such  mineral  substances  as 
are  of  common  occurrence  in  other  mining  regions,  as  vein- 
stones, is  almost  exclusively  confined  to  the  flat-sheet  depo- 
sits. The  mineral  most  frequently  found  in  this  connection 
is  calcareous  spar,  or  tiffj  as  it  is  usually  called  by  the  miners ; 
and  heavy  spar  is  not  uncommon,  but  crystallized  quartz 
is  almost  unknown.  In  some  instances  the  larger  portion  of 
the  metalliferous  layer  is  made  up  of  the  sulphurets  of  zinc 
and  iron,  the  galena  appearing  to  be  quite  subordinate  in  im- 
portance to  these  substances.  The  different  ores  and  minerals 
associated  together  in  the  flat-sheet  deposits  not  unfrequently 
assume  something  of  the  arrangement  which  they  would  be 
likely  to  have  in  regular  veins  :  for  instance,  at  Mineral 
Point,  a  deposit  of  blende  and  pyrites  about  eighteen  inches 
thick  was  noticed,  in  the  centre  of  which  were  large  cavities 
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lined  with  crystallized  galena.  More  frequently,  the  galena 
occupies  the  lower  side  of  the  metalliferous  layer,  the  other 
ores  lying  above  it  in  alternating  layers,  as  shown  in  the 
annexed   wood-cut   (Fig.  45),  which  represents   a   section 

of  a   portion   of    the   mineral         rio.45.— Section  of  Marsden  lode. 

deposit  at  the  "Marsden  lode*' 
near  Galena;  the  thickness 

of  which,  at  the  point  repre-  . ,       iniiiiviiiiuipiiiTTrn^ 

sented,  was  about  twelve  h'l0§^^^^ ^ 
inches.  In  this  case  there  was  -r-r^^^^^^^^^^S^^S  ^e^.^ 
a  shallow  cavity  beneath  the 
ore,  partially  filled  up  with  detritus  and  fragments  of  ore ; 
but  usually,  throughout  the  mine,  the  ore  was  solidly  im- 
bedded in  the  rock.  In  the  flat  openings,  the  galena  may  also 
occur  without  any  trace  of  gangue  associated  with  it;  the 
pure  ore  being  attached  to  the  solid  rock  in  a  thin  sheet,  or 
in  irregular  bunches  of  crystals.  The  annexed  figure  (Fig. 
46)  represents  an  opening  of  this  description  observed  at 
Shullsburg,  in  which   the   galena,  represented  by  oblique 

Fio.  46. —  Flat  opening  at  Shullsburg.  • 

Opening  with  galena. 
Rock  and  detritoa. 


lines  of  shading,  may  be  seen  to  be  adherent  to  the  cap  rock, 
the  bottom  of  the  opening  being  covered  with  decomposed 
rock  and  fragments  of  ore  which  have  fallen  from  above.  In 
other  instances,  at  the  same  locality,  the  opening  had  an  al- 
most spherical  form,  heavy  bunches  and  platerof  ore  lining 
its  interior  like  the  crystals  of  an  immense  geode. 

The  general  shape  of  these  flat  sheet-deposits  is  very  ir- 
regular ;  but  in  many  instances  they  are  rudely  circular  in 
their  outline,  the  deposit  gradually  thinning  out  in  all  direc- 
tions from  the  centre.  At  the  ^'Marsden  lode",  for  instance. 
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the  metalliferous  mass  has  something  like  the  form  repre- 
sented in  the  annexed  section  (Fig.  47);  the  sheets  of  ore 

F,o.  47.-  Section  of  Marsden  lode.  descending,    by  Steps,   from 

the  interior  towards  the 
limits  of  the  mass  in  each 
direction,  and  the  diameter 
of  the  whole  being  about 
one  hundred  feet.  On  the 
summit  of  the  dome-shaped 
mass,  galena  was  the  predominating  ore ;  but  the  quantity 
of  blende  and  pyrites  appears  to  increase  considerably  as  the 
mass  descends. 

The  most  remarkable  instance  of  this  form  of  deposit  ob- 
served by  us,  and  probably  one  of  the  largest  accumulations 
of  ore  ever  met  with  in  this  region,  was  at  "Mills's  lode", 
near  Hazle  Green,  which,  when  examined  in  1857,  presented 
the  following  appearances.  A  mass  of  ore  was  exhibited  in 
the  workings,  of  a  saddle  shape  from  east  to  west ;  the  flat 
part  above  being  twenty  feet  across,  and  varying  from  two 
to  three  and  a  half  feet  in  thickness  of  solid  galena,  which 
was  separated  from  the  rock  by  thin  selvages  of  a  decom- 
posed ferruginous  substance  :  in  each  direction,  as  observed 
in  the  east  and  west  cross  section,  this  mass  falls  off  at  a 
steep  angle,  varying  from  30**  to  45'';  and  it 'had  been  work- 
ed on  one  side  to  the  depth  of  twenty,  and  on  the  other, 
fifteen  feet,  the  ore  slightly  diminishing  in  thickness  in  its 
descent,  but  still  exceeding  one  foot  on  each  side.  In  a  north 
and  south  direction,  the  mass  had  been  removed  for  a  length 
of  a  hundred  and  twenty-five  feet,  the  last  forty  feet  rising 
gradually  towards  the  surface.  Thus  it  will  be  seen  that  a 
face  of  nearly  one  hundred  square  feet  of  solid  ore  was  ex- 
posed in  one  section  of  the  workings,  presenting  a  truly 
interesting  spectacle  ; —  one  of  the  great  prizes  which  are 
occasionally  drawn  in  the  lead-mining  lottery.  About  twelve 
hundred  thousand  lbs.  of  galena  had  been  taken  out  from 
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this  place  previous  to  May  1857,  and  there  could  be  no  doubt 
that  several  millions  more  remained  to  be  removed,  at  an 
almost  nominal  expense,  the  deposit  being  near  the  surface 
and  entirely  free  from  water. 

We  have  thus  briefly  sketched  some  of  the  most  import- 
ant forms  of  occurrence  of  ore  in  the  lead  region ;  but  to 
give  the  minute  details  of  all  the  variations  which  have 
been  observed  would  be  quite  impossible,  for  want  of  room. 
We  must  therefore  be  contented  with  a  somewhat  particular 
description  of  the  principal  workings  which  have  been  ac- 
cessible in  the  vicinity  of  Dubuque,  within  the  last  four 
or  five  years,  and  which  we  have  had  an  opportunity  of 
examining. 

The  surface  occupied  by  the  Galena  limestone  on  the 
Iowa  side  of  the  Mississippi,  is  but  small  in  extent  com- 
pared with  its  area  in  Wisconsin ;  and  the  profitable  work- 
ings have  been  chiefly  carried  on  in  the  immediate  vicinity 
of  Dubuque,  a  large  part  of  the  district  occupied  by  the 
lead-bearing  rock  in  Iowa  not  having  as  yet  been  found  to 
contain  any  productive  crevices. 

Beginning  at  the  southeast  and  proceeding  northwest- 
wardly, we  first  notice  the  diggings  in  the  valley  of  the 
Tete  des  Morts,  along  which  stream  the  Galena  limestone 
is  exposed  in  low  cliffs  for  some  distance.  So  far  as  we  could 
ascertain,  these  diggings  have  never  been  very  productive ; 
and  as  they  are  now  entirely  abandoned,  we  have  no  definite 
information  concerning  them. 

The  mines  in  the  vicinity  of  Dubuque  come  next  in 
order.  These  occur  over  most  of  the  space  extending  from 
Catfish  creek,  in  a  northwesterly  direction,  as  far  as  the 
middle  fork  of  the  Little  Makoqueta,  occupying  a  belt  from 
three  to  four  miles  wide  to  the  west  of  the  Mississippi.  The 
Hudson-river  shales  cover  the  elevated  surface  over  a  con- 
siderable portion  of  this  area;  but  as  the  streams  have  cut 
down  into  the  Galena  limestone,  the  crevices  are  first  did- 


OEOLOGT  OF   IOWA.  447 

covered  by  their  outcrop  in  the  vallies,  and  then  worked, 
frequently,  by  shafts  sunk  through  a  considerable  thickness 
of  detritus  and  shale  before  reaching  the  lead-bearing  rock 
(Compare  the  geological  map  and  the  diagram  of  the  lead- 
bearing  crevices  in  the  vicinity  of  Dubuque,  accompanying 
this  Report). 

The  mines  in  the  vicinity  of  Dubuque  are  among  the 
most  interesting  and  remarkable  of  the  whole  lead-region. 
Extending  over  an  area,  on  the  surface,  of  hardly  more 
than  twelve  to  fifteen  square  miles,  there  is  probably  no 
district  of  equal  extent  in  the  Mississippi  valley,  which  has 
produced  so  large  an  amount  of  ore.  The  crevices  are  more 
extensive,  both  vertically  and  longitudinallj'-,  than  in  any 
we  have  observed  in  Wisconsin ;  and  their  whole  arrange- 
ment and  grouping  exhibits  a  degree  of  regularity  which  is 
rarely  exhibited  by  this  class  of  mineral  deposits,  and 
which  most  closely  assimilates  them,  in  this  respect,  to  true 
veins. 

The  characteristic  form  of  occurrence  in  the  Dubuque 
district  is  the  vertical  crevice  with  openings,  which  fre- 
quently expand  into  large  caves  several  hundred  feet  in 
length,  and  from  which,  not  unfrequently,  several*  millions 
of  pounds  of  mineral  have  been  taken. 

A  somewhat  particular  description  of  the  mines  which 
have  been  accessible  during  the  past  four  or  five  years,  in 
the  vicinity  of  Dubuque,  will  serve  to  illustrate  the  cha- 
racter of  the  deposits  on  the  west  side  of  the  Mississippi. 
In  general,  during  the  time  since  our  personal  acquaintance 
with  this  portion  of  the  lead-region  commenced,  there  have 
not  been,  at  any  one  time,  more  than  one  or  two  important 
localities  where  working  was  carried  on,  and  where  any  con- 
siderable amount  of  lead  was  raised.  In  1852,  Levins's  lode 
was  yielding  very  large  amounts  :  this  was  mostly  worked 
out  during  that  year  and  1854.  In  1853  and  1854,  Stuart 
and  Bartlett'g  lode  was  producing  extensively.  In  1865,  there 
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does  not  appear  to  have  been  any  one  mine  at  work  which 
was  yielding  a  large  amount  of  ore.  In  1856,  Kennedy's  was 
the  most  important  lode  worked.  In  1857,  Kerrick  &  Jones 
had  erected  a  steam  engine  and  were  taking  out  large  quan- 
tities of  ore  from  their  mine,  which  had  been  for  some  time 
lying  dormant  on  account  of  the  water.  These  are  the  prin- 
cipal mines  which  have  been  accessible  to  us  since  the 
commencement  of  the  Survey,  and  they  have  together 
furnished  a  large  portion  of  the  lead  which  has  been  raised 
since  1852. 

Stewart  and  Bartlett^s  Lode.  This  very  interesting  locality  was 
still  partially  open  for  examination  in  1854  and  6,  although  most 
of  the  lead  had  been  taken  out.  Some  of  the  appearances  observed 

Fio.  48. —  Section  of  opening  at  Stewart  St  Bartlctt's  mine. 

Cap  rook. 


Opening  with  galena 
along  the  north  wail. 


-.  Drift. 


Platform. 


Galena  in  sheets  and 
bonehee  near  the  wall. 


Rnbbish. 

Bottom  of  the  opening. 
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here  are  peculiar,  and  throw  some  light  on  the  mode  of  deposition 
of  the  ore,  as  well  as  on  the  action  by  which  the  crevices  have 
been  formed. 

A  space  was  worlced  out,  open  to  day,  at  one  end  of  which  a  good 
exhibition  was  aflforded  of  the  mode  of  occurrence  of  the  ore  at  this 
locality,  and  of  the  manner  in  which  the  strata  had  been  im- 
pregnated with  it,  through  the  limited  space  called  the  opening  ; 
the  rock  remaining,  in  this  part  of  the  mine,  nearly  in  its  original 
position,  not  having  been  washed  away.  The  wood-cut,  figure  48,  on 
preceding  page,  represents  the  general  appearance  of  the  rock  at 
this  point.  The  width  of  the  opening,  between  the  walls,  is  about 
fifteen  feet,  and  its  vertical  height  not  far  from  thirty-five  feet.  With- 
in this  space,  it  will  be  seen,  that  the  strata  are  slightly  bent  down- 
wards and  broken  in  numerous  places,  leaving  cavities  between  the 
fractured  edges  of  the  strata  in  which  a  portion  of  the  ore  has  been 
deposited,  as  represented  by  the  patches  of  oblique  shading.  The 
larger  part  of  it,  however,  is  collected  along  the  walls  of  the  opening, 
especially  on  the  north  side,  where  the  rock  is  broken  up  into  small 
pieces  and  somewhat  decomposed,  forming  with  the  ore  a  brecciaited 
ferruginous  mass.  The  decomposition  of  the  rock  had  evidently  not 
proceeded  quite  as  far  in  this  case  as  in  some  others,  or  we  should 
have  had,  instead  of  the  mass  of  fractured  strata  still  in  place,  a 
cave  limited  by  the  walls  of  the  opening  on  each  side  and  filled 
partially  with  detritus,  clay  and  "  tumbling  rock  ",  with  fragments 
of  galena  scattered  through  it. 

The  workings  at  this  locality  have  been  on  two  different  levels,  in 
an  irregular  crevice,  or  two  crevices  connected  together  by  flat 
openings.  The  excavations  on  the  upper  level  follow  an  irregular 
crevice  for  several  hundred  feet,  which  had  been  entirely  worked 
out  before  being  examined  by  us,  and  which  is  said  to  have  pro- 
duced but  little  mineral.  The  lower  drift  is  forty-two  feet  below  the 
level  of  the  upper,  and  was  extended  a  little  over  two  hundred  and 
seventy  feet  to  the  west  of  the  shaft,  and  a  considerable  distance  in 
the  other  direction,  but  how  far,  was  not  ascertained,  as  it  had  become 
filled  up  in  that  direction ;  probably  over  eight  hundred  feet.  This  lower 
drift  runs  in  a  crevice  of  varying  width  and  height,  sometimes 
widening  out  to  twelve  or  fifteen  feet,  in  other  places  closing  within 
a  few  inches,  and  chiefly  filled  with  clay  and  decomposed  rock  with 
[lowA  Survey.]  67 
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fragments  of  ore.  At  the  extremity  of  this  drift  the  crevice  comes  to 
an  abrupt  termination,  in  a  cavity  such  as  would  have  been  pro- 
duced by  the  sinking  down  of  a  portion  of  the  rock  shaped  something 
like  a  flat-bottomed  boat^  as  represented  in  the  annexed  wood-cut, 
figure  49,  in  which  the  part  left  white  indicates  the  vacant  space, 
the  flat  upper  part  of  which  is  fourteen  feet  wide  and  two  and  a 

Fio.  49. — Section  at  west  end  of  Stewart  and  Bartlett's  lode. 


half  feet  high,  while  the  crevice  runs  oflf  on  each  side  at  a  steep 
angle,  to  an  unknown  depth.  At  the  upper  right-hand  corner,  the 
crevice  is  seen  continued  upwards  in  the  cap  rock  :  this  probably 
connects  with  the  crevice  worked  in  the  upper  drift  as  noticed 
before,  and  which  was  somewhat  to  the  north  of  the  lower  one.  The 
section  is  an  interesting  one,  as  showing  how  the  formation  of  the 
crevice,  in  this  portion  of  it  at  least,  was  due  to  a  mechanical  cause 
originating  within  and  confined  to  a  limited  space  in  the  rock. 

We  were  informed  that  four  millions  of  pounds  of  mineral  had 
been  taken  from  these  excavations,  which,  when  visited  by  us  last 
year,  seemed  to  have  been  entirely  abandoned,  and  were  rapidly 
filling  up  again  with  clay  and  sand. 

Levins's  Cave.  For  a  description  of  this  very  interesting  locality, 
as  it  appeared  when  first  discovered,  we  are  indebted  to  C.  Whittle- 
sey, who  visited  it  immediately  aflier  its  discovery  by  Mr.  Levins,  and 
before  it  had  been  at  all  disturbed.  This  was  in  October  1850  :  it  was 
first  visited  by  one  of  us  two  years  later,  after  about  two  million 
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pounds  of  ore  had  been  removed  from  it.  The  locality,  as  at  first 
seen  by  Mr.  Whittlesey,  presented  a  narrow  cave  or  crevice  enter- 
ing from  the  side  of  a  hill,  and  capable  of  admitting,  although  in 
some  places  with  great  difficulty,  the  passage  of  a  man  :  the  crevice 
had  a  nearly  east  and  west  direction  in  general,  with  many  small 
deflections  from  a  straight  course.  We  annex  Mr.  Whittlesey's 
description  of  his  visit  to  the  locality  in  question.  After  speaking 
of  the  difficulty  of  squeezing  between  the  walls  of  the  narrow  and 
winding  crevice,  he  goes  on  as  follows  :  "  We  had  not  gone  far  in 
this  uncomfortable  manner,  when  a  handsome  cave  appeared  before 
us,  illuminated  by  the  lights  in  front.  It  was  a  square  room,  with  a 
mud  floor  and  a  rock  ceiling,  along  the  middle  of  which  was  a  seam 
or  vertical  crevice,  containing  galena.  This  crevice  was  about  two 
feet  broad,  the  sides  covered  with  mineral  six  to  eight  inches  thick, 
leaving  a  space  between  the  inner  faces  of  the  mineral  up  which  we 
could  see  several  feet.  There  was  about  this  crevice  an  entirely  new 
feature,  so  far  as  I  know.  The  solid  mineral  projected  from  this 
crevice  downward,  a  foot  to  a  foot  and  a  half  in  a  ^  sheet ',  as  they 
call  it,  eight  to  ten  inches  thick,  and  twenty-five  to  thirty  feet  long, 
spreading  fan-like  as  it  descended.  (  The  annexed  wood-cut,  figure 
50,  will  convey  an  idea  of  this  peculiar  and  interesting  feature  :  it 
Fio.  60.— Section  in  Levins's  cave.  represents  a  Section  across  the 

cave  at  the  point  where  the 
depending  sheet  of  ore  was 
observed,  as  described  above.) 
A  part  of  the  way  there  were 
three  sheets,  two  thick  and 
heavy  ones,  with  coarse  irre- 
gular surfaces,  composed  of 
aggregated  cubes  from  two 
inches  to  ten  inches  on  a  side, 
and  one  thin  or  light  sheet, 
the  whole  covered  with  oxide 
( carbonate  ? )  of  lead,  and 
having,  in  consequence,  a  pure 
white  color.  This  depending 
mass  was  wholly  clear,  except  where  it  was  attached  to  the  rock 
above  and  projected  downwards  in  space,  the  most  rich  and  beauti- 


a.  Depending  mass  of  galena. 

b.  Detritus  and  clay  with  galena. 

c.  Cap  rock. 

d.  Qalena  limestone. 
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ful  object  I  ever  saw  of  a  mineral  kind.  About  two  hundred  feet 
more  of  twisting  and  squirming  brought  us  to  the  leaden  temple, 
where  lay  the  fortune  of  our  bold  explorer.  It  is  a  cave,  or  pocket, 
some  hundred  and  thirty  feet  long,  twenty  feet  high  in  the  dome  or 
cavern  part,  and  twenty  to  thirty  feet  wide,  the  sides  and  roof  arched 
in  an  irregular  manner.  Probably  it  extends  in  this  oval  shape  to  a 
depth  equal  to  the  clear  space  above.  The  whole  appears  to  have 
been  ceiled  with  lead  ;  and  although  its  size  is  not  as  great  as  that 
of  many  (?)  other  mineral  caves,  the  amount  of  galena  in  view  at 
any  one  time  is  said  to  exceed  that  of  any  ^  pocket '  yet  opened. 
Much  of  the  lead  lining  the  roof  and  sides  had  fallen  down  in  im- 
mense blocks,  some  of  them  very  recently.  This  mineral  incrus- 
tation was,  in  places,  two  feet  thick,  and  one  of  the  &llen  masses 
was  estimated  to  weigh  twenty-three  thousand  pounds.  In  the 
mud  and  clay  that  formed  the  bottom,  or  floor,  of  this  spacious 
room,  they  said  that  mineral  would  be  found  buried,  or  enclosed, 
in  large  lumps  to  the  bottom,  probably  fifteen  feet  deeper.'' 

Such  was  the  appearance  of  things  at  this  most  interesting  locality, 
certainly  one  of  the  most  remarkable  ever  discovered,  in  1860.  In 
October  1852,  about  two  million  pounds  of  ore,  worth,  at  the  then 
current  price  of  lead,  about  fifty  thousand  dollars,  had  been  removed ; 
and  there  was  still  left  in  the  mines  about  one  and  a  half  millions 
of  ore,  which  was  taken  out  in  1853  and  1854.  A  shaft  had  been 
sunk  from  the  surface  to  strike  the  rich  cave  spoken  of  above,  the 
top  of  which  was  reached  at  the  depth  of  about  ninety  feet,  and  the 
bottom  of  the  excavation  was  about  forty-five  deeper.  The  length  to 
which  the  crevice  had  been  traced  was  about  twelve  hundred  feet ; 
and  the  cave-like  expansion  extended  for  nearly  three  hundred  feet, 
widening  out  in  some  places  to  twenty-five  feet.  The  galena  at  this 
time  could  be  seen,  in  some  places,  occupying  a  fissure  extending 
upwards  into  the  cap-rock  :  it  also  formed  flat  sheets  running  into 
the  sides  of  the  opening,  in  some  places,  with  a  thickness  of  three 
or  four  inches  of  solid  ore  ;  but  by  far  the  larger  portion  lay  in  loose 
masses  in  the  bottom  of  the  elliptical  cave-like  oi)ening,  mixed  with 
clay,  sand  and  loose  masses  of  partially  disintegrated  limestone, 
called  "  tumbling  rock".  Besides  the  shell-like  deposit  of  ore  which 
lined  the  walls  of  this  cave,  as  described  by  Mr.  Whittlesey,  there 
seem  to  have  been  horizontal  layers  which  once  extended  through 
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the  opening  :  these  had  been  broken  up,  and  the  rock  surrounding 
them  removed  by  the  action  of  currents  of  water,  of  which  the  evi- 
dence could  be  seen  in  every  part  of  the  crevice,  especially  in  the 
water-worn  and  grooved  lower  surface  of  the  cap-rock,  and  in  the 
rounded  edges  and  angles  of  the  projecting  strata  of  the  sides  of  the 
opening. 

Eerrick  and  Jones's  lode.  This  is  one  of  the  most  important  and 
interesting  deposits  of  lead  which  has  been  worked  in  recent  years. 
The  crevice  is  remarkable  for  its  length  and  regularity  as  well  as 
for  its  productiveness,  it  having  already  yielded  over  a  million  and 
a  hflt  of  ore.  It  has  almost  exactly  an  east  and  west  direction, 
the  magnetic  bearing  between  the  shafts,  proceeding  in  a  west- 
erly direction,  being  from  No.  1  to  No.  2,  S.  85®  W. ;  No.'  2  to  No.  3, 
S.83*>W. ;  No.  3  to  No.  4,  S.  83^0  W.(  the  magnetic  variation  is 
about  8°  E.).  It  has  been  opened  for  a  length  of  nearly  fifteen  hun- 
dred feet,  having  a  width  of  from  six  to  eight  feet,  except  where  di- 
vided into  two  portions  by  the  "  key- rock",  when  it  widens  out  to 
twelve  or  fifteen. 

At  the  time  this  locality  was  visited  by  us,  in  October  1857,  the 
end  of  the  drift  going  west  was  distant  about  three  hundred  feet 
from  the  engine-shaft,  and  the  crevice  presented  the  appearance  re- 
presented by  the  annexed  section  (Fig.  51),  its  width  at  this  point 

being  about  six  and  its  height  eight 
feet.  The  opening  was  filled  with 
soft  clay;  the  ore  occupying  a  fis- 
sure extending  upwards  in  the  top 
of  the  drift,  and  having  a  width  of 
nineteen  inches  (  represented  at  a 
in  the  figure),  all  of  which  was 
solid  galena,  with  the  exception  of 
a  narrow  irregular  space  in  the 
centre,  the  ore  having  crystallized 
on  both  sides  of  the  fissure,  but 
not  filling  it  up  entirely.  Twenty 
feet  before  reaching  this  point,  a  solid  sheet  of  mineral  had  been 
struck,  which  extended  from  the  floor  to  the  top  of  the  crevice.  Be- 
tween this  point  and  the  shaft  the  crevice  appears  to  have  a  quite 
variable  height,  the  excavation  having  a  height  of  forty  or  fifty  feet, 


Fio.  51. —  Section  at  Kerrick  and  Jones's 
lode. 
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rick  and  Jones's  lode. 
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the  crevice  having  extended  upwards  in  the  cap-rock  and  carried  ore 
for  a  considerable  distance.  A  section  of  the  Fiq.  52.--  Section  at  Ker- 
crevice  at  another  point  is  represented  in  the 
annexed  wood  cut  (  Fig.  62  ),  which  shows  the 
position  of  the  so-called  "  key-rock",  an  irregu- 
lar mass  of  limestone  remaining  undecomposed 
along  the  centre  of  the  crevice,  which  divides 
into  two  parts,  as  is  frequently  the  case  in  the 
wide  vertical  openings  :  this  disposition  re- 
sembles the  splitting  of  veins,  so  as  to  include 
large  masses  of  rock,  called  by  the  Cornish 
miners  "horses",  and  which  are  common  in 
other  mining  regions. 

The  workings  on  the  crevice  have  been  several  times^pended 
and  resumed,  on  account  of  the  abundance  of  water,  the  shaft 
having  reached  a  depth  of  a  hundred  and  ten  feet.  After  several 
abortive  attempts  to  introduce  new-fangled  and  ill-contrived  ma- 
chinery for  pumping,  a  steam  engine  was  erected  in  1857,  which 
operated  a  suitable  pump  with  21-inch  lifts,  raising  seven  hundred 
gallons  per  minute,  and  with  the  aid  of  which  it  was  intended  to 
sink  the  shaft  twelve  feet  deeper. 

This  was  the  only  locality,  at  this  time,  where  steam  power  was 
in  use  on  this  side  of  the  river  for  draining  a  mine.  Another  engine 
was  erecting  at  Riley's  lode,  a  few  rods  south  of  this,  and  which  had 
been  worked  for  some  years,  over  an  extent  of  several  hundred 
feet  longitudinally  and  to  a  depth  of  a  hundred  and  thirty-seven 
feet,  and  much  mineral  raised;  two  millions,  it  is  said.  The  crevice, 
whith  was  not  accessible,  was  found  to  be  almost  exactly  parallel 
with  that  of  Kerrick  &  Jones,  its  mean  direction  being  N.  86*»  E., 
S.  86**  W.,  magnetic. 

Kennedy's  Lode.  This  mine  was  producing  largely  in  October, 
1866.  At  that  time  the  drift  had  been  extended  in  the  crevice  to  a 
distance  of  three  hundred  and  thirty  feet  from  the  shaft,  which  was 
one  hundred  feet  deep.  The  opening  was  about  thirty-five  feet  in 
height,  and  the  crevice  extended  upward  in  the  cap- rock,  sometimes 
to  a  distance  of  fifteen  feet  or  more.  The  galena  was  said  by  the 
miners  to  have  formed,  for  some  distance,  a  solid  sheet  three  and  a 
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half  feet  thick  :  in  some  places  the  rock  was  undecomposed  ;  in 
others,  the  crevice  was  filled  with  tumbling  rock  mixed  with  galena. 
Over  a  million  of  pounds  of  ore  had  been  taken  from  this  rich  de- 
posit in  the  six  months  preceding  our  visit. 

Langworthy  Lode.  This  was  one  of  the  most  extensive  and  best 
developed  crevices  ever  discovered  in  the  lead-region.  It  has  been 
opened  and  worked  in  diflTerent  places  along  a  line  nearly  three- 
quarters  of  a  mile  in  length ;  and  is  said  by  E.  H.  Langworthy, 
Esq.,  to  have  produced  about  ten  millions  of  pounds  of  ore.  The 
crevice  was  irregular,  sometimes  expanding,  for  a  distance  of  one  or 
two  hundred  feet,  to  a  width  of  from  fifteen  to  twenty  feet,  and 
then  contracting  within  narrow  limits.  There  are  said  to  have  been 
usually  three  openings,  of  which  the  upper  was  the  most  productive, 
the  entire  thickness  of  the  productive  ground  being  about  forty 
feet.  This  interesting  lode  was  one  of  the  first  discovered  and 
worked  in  the  district,  and  has  not  been  accessible  in  later  years.  We 
are  informed  that  a  large  portion  of  the  ore  obtained  from  it  was 
taken  out  within  a  length  of  three  hundred  feet. 

M'Kinzie's  Lode.  The  mine  worked  by  Mr.  M'Kinzie  for  several 
years,  but  which  is  not  now  accessible,  is  said  to  have  been  carried 
to  a  greater  depth  than  any  other  in  the  lead-region,  having  nearly 
reached  the  bottom  of  the  Galena  limestone;  the  deepest  workings 
having  been  extended  two  hundred  and  ninety  feet  below  the  sur- 
face, as  was  stated  to  us  by  Mr.  M^Kinzie.  In  the  fourth  opening, 
at  the  depth  of  two  hundred  and  eighty  feet,  a  mass  of  ore  was  dis- 
covered, "  shaped  like  a  counter ",  which  weighed  seventy-five 
thousand  pounds  :  this  is  the  only  instance,  so  far  as  we  have  been 
able  to  ascertain,  where  any  ore  has  been  obtained  in  this  vicinity, 
so  low  down  in  the  rock.  The  opening  was  about  three  or  four  feet 
wide  and  six  feet  in  height.  Mangold's  workings,  near  M'Kinzie's, 
had  reached,  in  the  spring  of  1857,  a  depth  of  a  hundred  and  seventy- 
three  feet;  but  had  not  been  found  productive  in  the  third  or  lower 
opening  :  the  upper  one  was  twenty-six  feet  in  height,  and  from  this 
most  of  the  lead  had  been  taken. 

Among  other  celebrated  crevices  which  have  been  worked  in 
former  years,  and  which  have  been  noted  for  their  productiveness, 
are  the  following  : 
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Booth  if  Carter's  :  Oftve-opening,  forty  feet  deep,  produced  3,500,000  lbs. 

Kilboum  :  Shallow;  no  cap-rock,  produced  4,000,000. 

J>/or(h  LangtDortky  :  Produce,  3,000,000. 

Atnts  :  Two  crevices;  mineral  to  the  surface  and  to  the  depth  of  sixty  or  seventy 

feet,  produce  estimated  at  2,000,000. 
Madden  :  Amount  of  ore  raised,  2,000,000. 
M'JSTair  :  Three  or  four  parallel  crevices,  with  very  heavy  masses  of  ore  in  two 

crevices;  amount  of  ore  raised,  2,000,000. 
JDubuque  cave  :  Worked  by  Juli^i  Dubuque;  supposed  to  have  produced  2,000,000 

of  mineral. 

Many  other  crevices  might  be  mentioned  ;  but  the  in- 
formation in  regard  to  them  is  so  indefinite,  that,  for  the 
present  at  least,  it  is  not  deemed  best  to  attempt  to  give  a 
complete  catalogue,  as  may  perhaps  be  done  hereafter.  The 
diflBculty  of  procuring  exact  accounts  of  long  abandoned 
workings  is  so  great,  that  no  complete  history  of  the  old 
mines  in  the  vicinity  of  Dubuque  will  ever  be  put  on  re- 
cord, as  so  many  of  the  old  miners  are  dead  or  have  removed 
from  the  country,  leaving  no  account  of  their  work  behind 
them. 

The  diagram  of  the  lead-bearing  crevices  in  the  vicinity 
of  Dubuque  which  accompanies  this  Report,  will  serve  as 
the  first  attempt  to  bring  together  such  information  as 
could  be  procured  in  regard  to  the  position  of  the  productive 
lodes  which  have  been  worked  in  former  years,  as  well  as 
those  which  are  still  accessible.  For  much  of  the  informa- 
tion upon  it,  we  are  indebted  to  Messrs.  Riohabd  Bonson 
and  R.  Oseb  Anderson  ;  as  also  to  H.  Von  Werthern,  Esq., 
of  the  Surveyor  General's  oflBice,  who  has  kindly  aided  in  the 
collection  of  materials. 

.  Although  there  is  indeed  a  surprising  regularity  in  the 
direction  of  the  crevices  in  this  district,  their  parallelism 
being  much  more  marked  than  in  other  portions  of  the  lead 
region,  the  diagram  must  not  be  taken  as  representing  them 
with  absolute  accuracy  in  this  respect.  Where  the  workings 
have  been  for  some  time  abandoned,  they  are,  in  most 
cases,  entirely  or  nearly  obliterated;  and  the  recollection 
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only  remains  that  they  had  the  general  direction  of  the  ranges 
of  the  district,  which  is  nearly  east  and  west,  in  many  in- 
stances not  varying  more  than  a  degree  or  two  from  that 
course.  It  is  much  to  be  regretted  that  a  careful  record  has 
not  been  preserved,  by  those  residing  at  Dubuque  and  inte- 
rested in  the  mines,-  of  the  position  and  course  of  all  the 
lodes  which  have  been  opened,  and,  especially,  of  the  depth 
to  which  they  were  worked  :  the  information  which  would 
be  supplied  by  a  map  based  on  accurate  data,  and  with  cor- 
rect topography,  might  hereafter  be  of  the  greatest  impor- 
tance, not  only  scientifically,  but  in  its  practical  bearing  on 
the  interests  of  the  mining  region. 

Before  proceeding,  however,  to  general  considerations  on 
the  mode  of  occurrence  of  the  lead  ore  in  Iowa,  it  will  be 
proper  to  notice  what  has  been  done  in  the  way  of  mining 
in  other  districts  farther  to  the  northwest,  in  the  direction 
of  the  outcrop  of  the  lead-bearing  rock. 

The  diggings  on  the  Little  Makoqueta  river,  near  Durango, 
were  formerly  very  productive,  having  given  employment 
to  more  than  one  hundred  and  fifty  men  at  one  time  :  they 
are  now  almost  entirely  abandoned,  and  in  1856,  when  this 
district  was  last  visited  by  us,  only  a  few  persons  were  en- 
gaged in  washing  over  the  old  rubbish.  There  is  a  very  re- 
markable range  or  series  of  crevices,  running  N.  80"*  W.,  S. 
80°  E.  for  a  distance  of  between  one  and  two  miles  along 
the  middle  fork  of  the  Little  Makoqueta  :  in  this  range,  the 
indications  of  heavy  workings  may  be  seen  on  almost  all  the 
points  of  the  blufis  coming  down  to  the  river  on  the  south 
side.  On  the  southwest  quarter  of  Sec.  31,  T.  90,  R.  2  E.  at 
E wing's  diggings,  the  crevice  is  said  to  have  been  thirty 
feet  wide,  and  to  have  produced  large  quantities  of  lead.  This 
locality  will  be  noticed  farther  on,  under  the  head  of  zinc. 

There  have  been,  in  former  times,  some  diggings  in  the 
neighborhood  of  Sherald's  mound  :  those  on  Sherald's  creek, 
about  ^  mile  west  of  the  mound,  are  said  to  have  beeiii  tolen 
[Iowa  Suevjbt.]  58 
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rably  productive.  Beyond  this,  to  the  northwest,  we  know 
of  no  mining  of  any  importance,  until  we  reach  the  neigh- 
borhood of  Buena-vista.  Here,  in  the  ravine  extending  back 
from  the  river  in  a  nearly  southwest  direction,  are  several 
excavations  which  were  not  working,  when  examined  by  us 
in  1857.  One  crevice  was  noticed,  extending  to  a  distance 
of  two  hundred  and  fifty  or  three  hundred  feet,  in  a  direc- 
tion N.  83°  to  85*^  E.,  forming  a  square  opening  from  which 
considerable  mineral  had  been  taken. 

Lead  is  said  to  have  been  raised  in  some  quantity,  on 
Bluebelt  creek,  which  runs  into  Turkey  river,  from  the  south, 
near  its  confluence  with  the  Mississippi,  on  the  northeast  quar- 
ter of  Section  13 ;  also  on  the  north  side  of  the  Turkey,  on 
Sections  10  and  11,  T.  91,  R.  2.  At  the  locality  on  Section 
13,  the  crevice  has  been  worked  at  intervals  along  a  line 
twelve  himdred  feet  long,  to  a  depth  of  from  twenty  to  thirty 
feet.  The  crevice  is  wide  and  regular ;  but  the  mineral  does 
not  hold  in  it  to  any  considerable  depth. 

The  next  diggings  of  importance,  and  the  farthest  in 
this  direction  yet  discovered  and  proved  to  be  of  any  im- 
portance, within  the  limits  of  Iowa,  are  those  in  the  vicinity 
of  Gutenberg.  The  Gralena  limestone  is  well  exposed  in  this 
region,  having  a  thickness  of  nearly  two  hundred  feet,  and 
is  very  much  cut  up  by  ravines,  so  as  to  afford  the  best  pos- 
sible opportunities  for  exploration.  The  localities  which  have 
been  worked  are  near  Miner's  creek  and  its  branches,  on  the 
northeast  quarter  of  the  southeast  quarter,  and  the  north 
half  of  Section  12,  T.  92,  R.  3  west,  and  on  the  north  half 
of  the  southwest  quarter,  and  the  southwest  quarter  of  the 
northwest  quarter  of  Section  7,  T.  92,  R.  2  west.  The  work- 
ings in  this  vicinity  are  all  in  the  flint-bed,  just  at  the  base 
of  the  Galena  limestone,  and  from  one  hundred  and  twenty 
to  one  hundred  and  forty  feet  above  the  Mississippi.  The 
mineral  lies  within  a  space  fVom  two  and  a  half  to  three  and 
a  half  feet  in  vertical  height,  very  irregularly  disseminated 
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in  the  rock,  from  which  it  has  to  be  got  out  by  blasting. 
Some  of  the  excavations  were  said  to  be  three  hundred  feet 
wide,  and  to  extend  for  a  length  of  eighteen  hundred  feet, 
the  roof  being  supported  on  pillars.  There  are  no  crevices 
extending  upwards  into  the  rock,  and  no  "float-mineral"  has 
been  found  at  a  higher  level  than  the  flint  opening.  The 
presence  of  crystallized  calcareous  spar,  in  the  dog-tooth 
form  and  in  very  large  crystals,  is  to  be  noticed  as  charac- 
teristic of  the  openings  in  this  position.  At  Glenhaven,  on 
the  opposite  side  of  the  river  from  Gutenberg,  where  the 
workings  are  in  a  position  exactly  similar  to  that  which 
they  have  at  the  diggings  just  noticed,  there  is  a  sheet  of 
calcareous  spar  thirty  inches  in  thickness,  below  which  the 
galena  lies,  disseminated  through  a  stratum  of  rock  eigh- 
teen or  twenty  inches  thick.  Some  of  the  crystals  of  this 
mineral  were  six  inches  in  length.  Barytes  is  also  found  in 
the  Gutenberg  diggings,  and,  sometimes,  in  handsome  crys- 
tals. These  mines  have  produced  several  million  pounds  of 
ore,  it  is  said ;  but,  at  present,  they  are  not  much  worked. 

Although  the  Galena  limestone  extends  to  the  northwest 
from  this  point  for  some  distance,  with  but  slightly  dimi- 
nished thickness,  and  occupying  a  much  greater  space  on  the 
surface  than  it  does  near  Dubuque,  we  know  of  no  crevices 
having  been  worked  in  it  anywhere  beyond  Gutenberg.  The 
position  of  the  diggings  at  this  place,  in  the  lowest  beds  of 
the  Galena,  seems  to  indicate,  as  may  be  inferred  from  the 
condition  of  things  in  Wisconsin,  that  we  are  on  the  borders 
of  the  productive  lead-region  in  this  direction.  Still,  we  know 
of  no  decisive  reason  why  ore  should  not  be  found  up  the 
valley  of  the  Turkey,  either  in  the  lower  beds  of  the  Galena 
or  in  the  Trenton  limestone ;  but  the  probability  of  the  dis- 
covery of  heavy  deposits  is,  of  course,  diminished  by  the 
fact  that,  up  to  this  time,  little  or  nothing  of  importance 
has  been  found. 

There  are,  however,  some  localities  in  the  northeastern 
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corner  of  the  State,  where  galena  has  been  mined  to  some 
extent  in  the  Lower  Magnesian  limestone,  and  which  may 
here  be  noticed.  The  most  important  deposits  of  lead  in  this 
rock,  and,  indeed,  the  only  ones  which  have  been  observed, 
within  the  limits  of  Iowa,  are  situated  in  the  valley  of 
Mineral  creek,  a  stream  flowing  north,  through  a  valley  lined 
with   precipitous   bluflFs,  into  the  Upper  Iowa  river,  and 
about  three  miles  south  of  a  small  settlement  called  New- 
Galena  :  the  diggings  are  on  the  southwest  quarter  of  Sec- 
tion 13,  T.  99,  R.  6  west.  In  this  vicinity,  the  Upper  sand- 
stone is  well  exposed  on  the  top  of  the  bluff,  and  a  shaft 
has  been  sunk  in  it  to  a  considerable  depth.  Along  the  face 
of  the  bluff,  in  which  a  thickness  of  one  hundred  and  twenty 
to  one  hundred  and  fifty  feet  of  the  Lower  Magnesian  lime- 
stone is  exposed,  a  number  of  drifts  have  been  extended 
into  the  rock,  a  little  below  its  junction  with  the  sandstone, 
and  considerable  galena  has  been  taken  out.  The  limestone 
at  this  point  is  brecciated  in  its  structure,  appearing  as  if  it 
had  been  partially  broken  up  after  its  deposition,  and  then 
recemented  :  portions  of  the  rock  have  also  a  concretionary 
structure,  and  its  whole  appearance  is  that  of  a  material 
which  has  been  subjected  to  both  mechanical  and  chemical 
disturbances.  The  ore  appears  to  be  associated  with  irregular 
strings  and  bunches  of  calcareous  spar,  ramifying  through 
the  rock,  but  nowhere  assuming  a  regular  form,  like  that  of 
a  vein,  or  appearing  to  occupy  a  well  developed  fissure. 
Sometimes  a  little  decomposition  of  the  rock  has  taken  place, 
which  has  given  rise  to  a  sort  of  opening ;  but  none  were 
observed  which  were  more  than  a  few  inches  wide  and  a 
few  feet  long.  It  is  said  that  between  fifty  and  one  hundred 
thousand  pounds  of  lead  had  been  obtained  from  these  dig- 
gings ;  but  it  seems  hardly  possible  that  the  operation  should 
have  been,  on  the  whole,  a  profitable  one ;  and,  taking  into 
consideration  the  hardness  of  the  limestone,  and  the  very 
limited  extent  to  which  it  has  undergone  decomposition  in 
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the  vicinity  of  the  mineral  deposits,  we  see*  little  to  en- 
courage farther  expenditures  at  this  point. 

The  question  whether  the  Lower  Magnesian  limestone 
contains  deposits  of  lead  ore  which  can  b'e  worked  for  any 
length  of  time  with  profit,  is  one  which  has,  of  late  years, 
been  much  agitated  by  those  interested  in  the  mining  dis- 
trict. For  some  years  after  the  lead-region  was  first  opened, 
it  was  generally  supposed  that  the  productive  deposits  of 
lead  was  limited  to  the  Galena  limestone ;  and  Dr.  Owen  gave 
as  the  result  of  his  oflBcial  examination  of  the  country,  that 
"  when  a  mine  is  sunk  through  the  Cliff  limestone  to  the 
Blue  limestone  beneath,  the  lodes  of  lead  shrink  to  insigni- 
ficance, and  no  longer  return  to  the  miner  a  profitable  re- 
ward for  his  labor.  Indeed,  the  small  quantities  of  lead  ore 
which  have  been  found  in  the  Blue  limestone  occur  in  veins 
not  much  thicker  than  writing  paper,  which  have  insinuated 
themselves  into  the  slender  seams  of  the  stratification". 
Further  examinations,  and  the  results  of  longer  experience, 
have  shown  that  this  statement  was  erroneous ;  as  conside- 
rable deposits  of  ore  have  been  worked  in  the  Blue  limestone, 
although  by  far  the  largest  portion  of  the  lead  of  the  Upper 
mines  comes  from  the  proper  lead-bearing  rock.  In  reference 
to  the  occurrence  of  lead  in  the  Lower  Magnesian,  we  find 
in  Dr.  Owen's  Report,  published  in  1852,  that  a  number  of 
localities  in  this  rock  are  given  as  having  yielded  more  or  less 
lead  ore ;  and,  on  the  strength  of  this  evidence,  the  formation 
is  pronounced  "lead-bearing,  but  whether  productively  so 
or  not,  cannot  be  fully  determined  until  the  rock  is  scien- 
tifically mined".  Some  of  the  localities  here  specified  are 
not  in  the  Lower  Magnesian  limestone,  but  in  the  Galena  : 
the  others  seem,  up  to  the  present  time,  not  to  have  been 
profitably  worked.  In  regard  to  the  lead-deposits  in  the 
Kickapoo  river,  which  have  been  much  relied  on  by  those 
anxious  to  make  out  the  Lower  Magnesian  to  be  a  good  mi- 
neral-bearing rock,  we  have  learned  from  intelligent  miners 
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who  have  worked  in  that  vicinity,  that  the  ore  lay  in  flat 
sheets  in  the  hard  limestone,  and  that  there  were  no  cre- 
vices, nor  any  decomposed  material  connected  with  the  mi- 
neral ;  so  that  the  workings  were  uniformly  abandoned  after 
having  been  carried  in  for  the  short  distance,  beyond  which 
atmospheric  agents  had  ceased  to  operate  on  the  rock.  More 
recently,  the  occurrence  of  ore  in  this  geological  position, 
at  Oleking's  diggings,  near  Blue  river,  in  Wisconsin,  has 
been  described  by  Dr.  Pebcival,  and  considered  by  him  as 
suflScient  evidence  "  that  the  Lower  Magnesian  is  a  good 
mineral-bearing  rock".  Not  having  visited  and  examined 
this  locality,  we  are  not  disposed  to  question  the  fact  of 
considerable  ore  having  been  found  at  this  place ;  but  we 
are  disposed  to  doubt  the  existence  of  mineral  deposits 
in  the  Lower  Magnesian,  on  any  scale  which  will  compare 
with  those  of  the  proper  lead-bearing  rock.  Did  any  such 
exist,  they  would  long  since  have  been  found ;  and  a  few 
isolated  instances  of  lead  ore  obtained  in  this  formation  are 
not  sufficient  evidence  of  its  productiveness,  and  much  less 
are  they  to  be  considered  as  an  argument  in  favor  of  the 
galena  'having  originated  in  the  igneous  rocks  beneath  the 
Lower  sandstone. 

The  most  important  practical  questions  to  be  asked,  in 
regard  to  the  occurrence  of  the  lead  in  the  Dubuque  region, 
are  the  following  : 

1st.  Do  the  lead-bearing  crevices  extend  indefinitely  down- 
wards ^  and  is  deep  mining  ever  likely  to  prove  profitable?  This 
question  can  be  answered,  unhesitatingly,  in  the  negative. 
There  is  very  little  evidence  that  the  crevices  continue  to 
be  productive  in  this  part  of  the  lead-region,  even  as  low 
down  as  the  Blue  limestone ;  and  it  is  certain,  from  the 
study  of  the  whole  region,  that  they  are  everywhere  com- 
pletely cut  off  by  the  Upper  sandstone.  In  no  instance,  so 
far  as  we  have  been  able  to  learn,  have  the  lodes  been 
found  to  extend  more  than  a  very  short  distance  into  the 
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sandstone,  or  to  be  productive  of  galena  in  that  rock.  It  is 
true,  that  in  some  localities,  ore  has  been  found  in  the  lime- 
stone underlying  this  sandstone  (the  Lower  Magnesian), 
where  this  rock  occupies  the  surface;  but  the  deposits  in 
that  geological  position  are  very  few  in  number,  and  the 
ore  limited  in  quantity  :  we  have  yet  to  learn  of  a  single 
instance  in  which  diggings  in  that  rock  have  been  profitable 
for  any  length  of  time.  But,  again,  even  if  the  Lower  Mag- 
nesian were  a  good  mineral-bearing  rock,  there  would  be 
little  encouragement  to  continue  sinking  from  the  Galena 
limestone,  through  the  sandstone,  into  the  underlying  lime- 
stone ;  for  there  is  no  reason  to  suppose  that  a  crevice,  after 
being  entirely  interrupted  in  the  sandstone,  would  be  re- 
sumed in  the  limestone  below,  or  that  any  other  one  would 
be  hit  upon,  at  a  point  exactly  in  the  line  of  direction  in  the 
workings  above.  The  fact  that  the  mode  of  occurrence  of 
the  lead  in  the  Lower  Magnesian  is  so  very  different  from 
what  it  is  in  the  Galena  limestone  is  an  additional  reason 
for  believing  that  there  could  be  no  grounds  for  expecting 
continuity  in  the  direction  of  the  crevices  in  both  the  rocks. 
A  miner  would  be  no  more  justified  in  sinking  through  the 
sandstone,  in  the  expectation  of  meeting  a  continuation  of 
his  crevice  in  the  Lower  Magnesian,  than  he  would  be  in 
commencing  a  shaft  anywhere  at  random  in  this  rock, 
without  regard  to  surface  indications,  and  expecting  to 
strike  a  valuable  lode.  He  might  possibly  find  one ;  but  the 
chances  would  be  more  than  ten  thousand  to  one  that  he 
would  not. 

There  are,  occasionally,  instances  where  water  is  reached 
before  the  principal  portion  of  the  ore  has  been  taken  out, 
and  where  more  expensive  machinery  than  the  horse-whim 
is  required  to  keep  the  mine  free.  In  such  cases,  the  so 
called  "  bull-pump  "  has  been  found  very  serviceable.  This 
is  an  inclined  wheel,  from  twenty-five  to  thirty  feet  in 
diameter,  on  which  one  or  two  oxen  work,  and  which  is 
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geared  to  a  suitable  pump.  With  a  machine  of  this  kind, 
which  costs  about  3^1500.  it  is  said  that  two  hundred 
gallons  of  water  per  minute  may  be  raised ;  while  the  ex- 
pense of  running  it  is  but  little  more  than  the  wages  of  the 
two  men  who  alternate  in  keeping  the  oxen  to  their  work, 
and  does  not  exceed,  with  necessary  repairs  of  the  ma- 
chinery, $800  per  annum.  The  use  of  the  steam  engine 
may  be  occasionally  advisable  ;  but  in  the  large  majority  of 
instances  in  which  steam  has  been  employed  in  this  region, 
we  are  assured  that  the  enterprise  has  not  been  found  pro- 
fitable. We  are  not  aware  of  any  instance  in  which  the 
attempt  has  actually  been  made,  in  any  part  of  the  lead- 
region,  to  sink  through  the  Upper  sandstone  into  the  Lower 
magnesian,  in  order  to  follow  a  crevice  through  one  rock 
into  the  other ;  but  the  idea  has  repeatedly  been  advocated 
by  a  certain  class  of  persons  interested  in  mining  pro- 
perty, that  in  the  execution  of  such  a  plan,  great  disco- 
veries would  be  made,  and  the  resources  of  the  country 
developed.  We  believe,  however,  that  a  large  majority  of 
the  intelligent  miners  would  be  willing  to  admit  that  any 
such  operation  would  be  a  mere  throwing  away  of  money. 

2d.  What  can  be  done  to  farther  develope  the  not  yet  dis- 
covered deposits  of  ore  in  the  Dubuque  district^  and  what 
method  of  exploration  ought  to  be  adopted  for  this  purpose? 
Is  it  not  possible  to  combine  capital  and  labor,  in  such  a 
manner  that  results  may  be  obtained  which  shall  be  of 
value  to  the  mining  interest,  and  which  shall  render  the 
business  less  precarious  and  uncertain  than  it  now  is  ?  There 
are  undoubtedly  extensive  regions  underlaid  by  the  Galena 
limestone,  especially  in  Wisconsin,  where  rich  deposits  of  ore 
are  concealed  by  the  thick  covering  of  superficial  detritus, 
which  forbids  all  explorations  from  the  surface,  except  at 
great  expense.  What  means  are  there  of  ascertaining  whether 
these  districts  may  not  contain  valuable  bodies  of  ore ;  and, 
if  so,  how  may  they  be   most  economically  opened  and 
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worked  ?  To  this  we  reply,  that  the  proper  method  to  be 
adopted  will,  in  a  good  degree,  depend  on  the  situation 
of  the  locality,  and  the  known  relations  of  those  deposits  of 
ore  in  the  vicinity,  which  have  already  been  discovered  and 
worked.  Before  any  safe  directions  can  be  given,  the  whole 
lead-region  must  have  been  carefully  mapped,  and  the 
crevices  laid  down  with  minute  attention  to  their  position 
and  direction.  A  more  or  less  symmetrical  distribution  of 
them  will  be  found  to  prevail;  and  from  this  symmetry  of 
the  known,  the  position  of  the  unknown  may  possibly  be 
arrived  at;  but,  above  all  things,  it  must  be  borne  in  mind, 
that  in  a  region  like  the  one  we  are  now  engaged  with, 
horizontal  excavations  or  drifts  are  the  proper  means  of  explo- 
ration^ and  not  vertical  ones  or  shafts.  By  sinking  a  shaft  in 
a  region  in  which  the  ore  is  distributed  as  it  is  in  this 
district,  we  prove  nothing  except  the  identical  spot  on  which 
the  shaft  is  placed.  By  drifting,  on  the  other  hand,  we  can, 
if  our  drift  be  judiciously  laid  out,  prove  an  extensive 
region  with  one  excavation.  Not  only  is  this  true,  but  it  is 
also  to  be  remembered,  that  when  a  shaft  is  sunk,  we  have 
often  to  encounter  the  diflficulty  of  water,  which  is  an  al- 
most insurmountable  one  in  a  region  where  the  rocks  are 
so  cut  up  by  crevices,  which  allow  the  flow  of  currents  in 
every  direction ;  while  in  running  up  an  adit-level  from  a 
suitable  position,  we  not  only  prove  the  country,  but  effect- 
ually drain  it  at  the  same  time.  Of  course,  reference  is  here 
made  to  explorations  carried  on  by  an  association  of  labor 
and  capital  :  as  long  as  mining  continues  under  the  present 
system,  there  will  necessarily  be  but  little  change  in  the 
methods  of  explorations  adopted. 

Let  us  illustrate  by  taking  into  consideration  the  circum- 
stances of  the  region  immediately  about  Dubuque.  We  have 
here  a  very  large  number  of  crevices,  many  of  which  are 
regularly  developed,  extensive  and  highly  productive: 
furthermore,  they  are  concentrated  within  a  limited  spacQ, 
[Iowa  Survey.]  59 
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as  will  be  seen  by  reference  to  the  diagram  of  the  lead- 
bearing  crevices.  If  now,  by  a  careful  series  of  levellings 
over  the  ground  occupied  by  these  crevices,  and  by  ascer- 
taining, as  far  as  practicable,  what  position  the  productive 
openings  had  occupied  with  reference  to  the  horizontal 
plane  assumed  as  a  base,  it  should  be  made  apparent  that 
the  principal  body  of  ore  in  the  various  ranges  was  approxi- 
mately on  the  same  level  :  then  it  would  become  a  question 
of  great  interest  whether  an  adit-level  could  not  be  carried 
in  from  the  Mississippi,  at  the  proper  height  to  drain  all 
the  crevices  which  should  be  intersected,  and  at  the  same 
time  to  aflford  the  greatest  chance  of  making  discoveries 
of  ore ;  and  whether  such  an  undertaking  might  not  prove 
remunerative,  provided  the  many  conflicting  interests  con- 
nected with  such  an  enterprise  could  be  harmonized.  Let 
any  one  lay  out  an  imaginary  drift  on  the  diagram,  running 
from  the  Mississippi  river,  at  its  intersection  with  the  line 
between  Sections  25  and  36,  to  a  short  distance  beyond  the 
southeast  corner  of  Section  22,  and  then  turning  nearly  at  right 
angles  and  extending  the  level,  in  a  direction  of  about  N.  55° 
E.,  for  two  miles,  and  he  will  be  surprised  to  see  how  many 
of  the  most  important  lodes  which  have  been  worked  in  the 
vidnity  of  Dubuque  would  be  intersected  by  an  adit-level 
only  about  five  miles  in  length.  Still,  we  would  not  be  un- 
derstood as  decidedly  recommending  a  work  of  such  a 
character,  in  this  or  any  other  part  of  the  lead-region  :  such 
a  step  should  only  be  taken  after  a  much  more  thorough 
study  of  the  ground  than  has  been  as  yet  made  in  any  por- 
tion of  the  mining  district.  What  we  would  insist  on,  is  the 
superiority  of  the  method  of  proving  the  country  by  hori- 
zontal, rather  than  by  vertical,  excavation,  in  a  region 
where  the  body  of  ore  is  known  to  be  within  such  a  mode- 
rate depth  from  the  surface. 

The  amount  of  lead  produced  by  the  mines  of  the  Upper 
Mississippi   has   been  gradually  falling  oflF,  of   late   years, 
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owing  to  the  superior  attractiveness  of  the  gold  fields  of 
California,  and  to  the  fact  that  the  larger  portion  of  the 
mineral  region  has  been  pretty  thoroughly  explored,  and  the 
most  easily  discovered  crevices  worked  out.  Occasionallj'',  a 
very  rich  lode  is  struck  by  some  persevering  miner ;  but,  on 
the  whole,  the  number  of  men  engaged  in  this  business  is 
much-  less  than  it  formerly  was ;  and  some  districts,  which 
were  once  thickly  inhabited  by  the  lead  diggers,  are  now 
almost  entirely  deserted  by  that  class,  the  plow  having  taken 
the  place  of  the  pick  and  the  drill. 

From  the  records  kept  at  Galena  by  Captain  Beebe  and 
others,  it  appears  that  the  amount  of  lead  annually  produced 
by  the  Upper  mines  gradually  increased  from  five  thousand 
to  ten  thousand  tons  (of  2240  lbs.),  during  the  years  from 
1829  to  1839  :  after  that  it  rose  rapidly,  and  attained  its 
maximum  from  1845  to  1847,  nearly  r^ching  twenty-five 
thousand  tons  in  those  years.  Since  that  time,  the  decline 
has  been  marked,  the  amount  raised- in  1853  being  only 
thirteen  thousand  three  hundred  tons  :  since  that  year  no 
exact  record  of  the  shipments  has  been  kept,  so  far  as  we 
have  been  able  to  ascertain,  the  railroads  beginning  about 
that  time  to  divert  a  part  of  the  trade  from  the  river.  A 
large  portion  of  the  lead  manufactured  now  goes  across  the 
country  to  Chicago,  which  formerly  all  found  its  way  to  the 
Mississippi.  Of  the  remainder,  a  part  is  consumed  in  the 
country,  and  the  rest  goes  down  the  river  to  St.  Louis,  where 
it  is  reshipped  up  the  Ohio  and  to  New-Orleans.  If,  therefore, 
we  could  ascertain  accurately  the  amount  of  lead  received 
at  Chicago  and  St.  Louis,  we  should  have  a  near  approxima- 
tion to  the  entire  amount  produced.  Such  statistics  as  we 
have  been  able  to  procure,  for  the  last  few  years,  are  given 
below  : 

Tons  of  Lead  received,  1853. 

At  Chicago 1452 

At  St.  Louis 14248 

Total  ftom  Upper  mines. . .     15700         12018  14206  8990 


1854. 

1855. 

1858. 

1857. 

1895 

4449(1) 

2919 

? 

10123 

9757 

6076 

6847 
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The  amount  given  as  received  at  St.  Louis  in  1857  includes 
the  receipts  from  the  Missouri  mines,  which  is  but  an  in- 
significant quantity. 

The  proportion  of  the  produce  of  the  Upper  mines  which 
comes  from  Iowa  we  have  been  unable  to  ascertain  with  ac- 
curacy. From  the  statements  of  the  best  informed  smelters, 
however,  it  appears,  that  the  amount  of  ore  smelted  in  the 
vicinity  of  Dubuque  has  been  about  six  million  of  pounds 
yielding  from  sixty-eight  to  seventy  per  cent  of  lead,  in  the 
most  prosperous  year,  and  that  it  has  not  probably  in  any 
year  fallen  much  below  four  millions;  equal  to  about  seven- 
teen hundred  tons  of  metallic  lead,  and  worth  in  New-York 
city  about  a  quarter  of  a  million  of  dollars,  at  the  current 
price  of  that  metal  for  the  last  few  years. 

The  figures  given  above  indicate  a  considerable  decrease 
in  the  production  of  lead  in  the  Northwest  during  the  last 
few  years  ;  but  the  diminution  is  not  so  great  as  would  ap- 
pear at  first  sight,  since  the  amount  required  for  home  con- 
sumption at  the  West  is  rapidly  increasing.  Within  the  past 
year  a  shot-tower  and  white-lead  works  have  been  erected 
at  Dubuque,  which  will  probably  consume  a  considerable 
proportion  of  the  lead  mined  in  this  vicinity,  and  supply  the 
Northwestern  States  with  the  manufactured  articles  hereto- 
fore drawn  from  the  southern  and  eastern  cities  in  exchange 
for  the  crude  metal  exported. 

The  amount  of  lead  supplied  to  the  eastern  market  from 
the  western  mines  is  quite  insignificant,  the  actual  produce 
of  those  mines  being  hardly  more  than  suflBcient  to  meet 
the  requirements  of  the  West  for  its  own  consumption.  Only 
about  one  hundred  tons  of  this  metal  arrived  in  New- York 
from  the  West  in  1857,  the  Atlantic  States  being  now  almost 
entirely  supplied  from  the  English  and  Spanish  mines. 
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ZINC. 


The  occurrence  of  ores  of  zinc,  in  connection  with  those 
of  lead,  has  been  repeatedly  noticed  in  the  preceding  pages. 
They  are,  throughout  the  lead-region,  chiefly  associated 
with  the  flat-sheet  deposits;  and,  therefore,  most  abundant 
in  the  lower  part  of  the  Galena  limestone  and  the  upper 
and  middle  portion  of  the  Trenton.  The  districts  in  which 
zinc  ores  are  found  in  the  largest  quantity  in  the  flat 
openings,  are  those  of  Mineral  point,  and  to  the  west  of 
ShuUsburg.  In  the  Galena  limestone,  in  the  vertical  cre- 
vice deposits,  there  are  usually  but  few  traces  of  other 
metalliferous  ores  associated  with  the  galena. 

The  most  abundant  combination  of  zinc  found  associated 
with  galena  is  the  sulphuret,  or  blende,  containing,  when  pure, 
sulphur  33,  and  zinc  67  parts  in  a  hundred  :  all  the  blende 
of  this  region,  however,  contains  more  or  less  iron.  These 
ferruginous  blendes  are  usually  called  ** black-jack"  by  the 
miners.  The  blende  sometimes  forms  flat  sheets,  nearly  a 
foot  in  thickness ;  but  is  almost  always  associated  with 
iron  pyrites,  and  layers  of  these  two  substances  occasionally 
alternate  with  each  other,  as  noticed  above  in  describing 
the  Marsden  lode.  When  the  sulphurets  of  zinc  and  lead 
occur  together,  the  zinc  seems  almost  invariably  to  have 
been  the  first  metal  deposited.  Calc.  spar  and  barytes  are 
frequently  associated  with  these  ores,  where  they  occur 
together ;  and  when  the  deposits  of  galena  are  unaccom- 
panied by  zinc,  they  rarely  have  any  earthy  gangue  con- 
nected with  them. 

The  blende  is  frequently  found  more  or  less  oxidized,  and 
converted  into  the  carbonate  or  silicate,  or  an  impure  mix- 
ture of  both.  That  the  sulphuret  was  the  ore  originally 
deposited,  and  that  it  was  afterwards  acted  on  and  changed 
to  these  oxidized  combinations,  is  proved  by  the  fact  that 
the  layers  of  blende  are  sometimes  only  partially  decom- 
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posed,  still  retaining  portions  of  the  original  sulphuret  in 
the  interior. 

Within  the  limits  of  Iowa,  the  only  ore  of  zinc  which 
we  have  noticed  in  any  considerable  quantity,  was  the 
carbonate  associated  with  the  silicate,  at  Ewing's  diggings 
on  the  Little  Makoqueta,  a  few  miles  northwest  of  Dubuque. 
Although  the  interior  of  the  excavations  was  not  accessible, 
it  was  evident  from  the  inspection  of  the  rubbish  lying  on 
the  surface,  that  a  considerable  quantity  of  these  ores, 
called  by  the  miners  "  dry  bone",  had  been  raised,  in  con- 
nection with  the  galena.  Much  of  the  ore  at  this  locality 
has  a  cellular  structure  and  an  earthy  texture,  and  portions 
of  this  variety  are  covered  with  stalactitic  and  botryoidal 
incrustations.  The  chemical  examination  of  some  of  the 
cellular  masses  showed  them  to  consist  of  mixtures  of  the 
hydrous  silicate  of  zinc,  or  electric  calamine,  with  the  car- 
bonate, or  smithsonite,  and  more  or  less  argillaceous  matter. 
The  first-mentioned  of  these  ores  contains  67.4  per  cent  of 
the  oxide  of  zinc ;  the  other,  64.8  of  the  same.  Analyses 
of  the  incrustation  and  of  the .  stalactitic  masses  proved 
them  to  consist  of  nearly  pure  carbonate  of  zinc,  giving 
the  following  results  : 

Insolable  in  acid,  silica,  cMeflj  .14 

Oxide  pf  iron  and  alumina  2.96 

Oxide  of  zinc  61.89  =r  49.67  zioo. 

Carbonic  acid,  water  and  loss  85.01 


100.00 


A  specimen  of  the  stalactitic  variety  gave  : 


Insoluble  silica  and  clay 

2.56 

Oxide  of  iron  and  alumina 

.66 

Oxide  of  zinc 

61.53  = 

=  49.88  zinc. 

Carbonic  acid 

32.08 

Water  and  lose 

3.22 

100.00 
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The  question  whether  these  ores  occur  in  suflBcient  quan- 
tity in  the  lead  region  ever  to  become  of  value  for  the 
manufacture  of  metallic  zinc  and  its  oxide,  now  so  much 
used  for  paint,  is  one  which  we  are  unable  to  answer  in  the 
aflSrmative.  Blende  is  a  substance  as  yet  but  little  used  for 
this  purpose,  as  there  are  diflSculties  in  the  way  of  its  re- 
duction which  make  it  less  available  than  the  oxidized  ores. 
In  this  country  the  manufacture  of  the  oxide  has  been  car- 
ried on  for  some  years,  the  material  used  being  the  red  zinc 
ore,  or  oxide,  which  occurs  in  large  quantity  in  New-Jersey, 
and  the  silicate  of  zinc,  which  is  abundant  in  the  Saucon 
valley  in  Pennsylvania.  The  quality  of  the  ore  found  at 
E wing's  diggings  is  good ;  but  from  the  known  mode  of  oc- 
currence of  the  metalliferous  ores  throughout  the  lead-region, 
we  are  inclined  to  doubt  whether  it  could  be  obtained  in 
sufficient  quantity  to  justify  the  erection  of  the  expensive 
furnaces,  etc.  required  for  the  manufacture  of  the  oxide ;  that 
of  the  metal  has  not  yet  been  attempted  in  this  country.  At 
none  of  the  localities  examined  by  us  in  Wisconsin,  have  we 
found  the  ore  in  sufficient  quantity  and  purity  to  justify  the 
erection  of  zinc-works  at  present,  even  were  the  conditions 
in  regard  to  fuel  and  labor  as  favorable  as  they  are  in 
Pennsylvania  and  New-Jersey,  which  is  not  the  case. 

GOLD. 

While  these  sheets  are  passing  through  the  press,  many 
statements  are  going  the  rounds  of  the  newspapers  in  regard 
to  the  occurrence  of  gold  in  Iowa,  according  to  which  this 
metal  exists  in  large  quantities  in  some  of  the  central  coun- 
ties of  the  State.  It  may  therefore  be  advisable  to  state,  that  no 
rocks,  such  as,  in  other  parts  of  the  world,  have  been  found  to 
be  auriferous,  occur  within  the  region  mentioned,  or,  so  far  as 
we  know,  in  any  part  of  the  State.  If  gold  has  been  found, 
it  must  have  been  carried  a  great  distance  from  the  place 
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where  it  originated,  by  currents  of  water;  and  it  is  not  likely 
to  occur,  except  in  very  fine  particles  in  the  sands  of  the 
streams.  All  that  we  know  of  the  occurrence  of  gold  and 
of  the  geology  of  Iowa,  makes  it  highly  improbable  that 
any  auriferous  sands  will  be  found  containing  enough  of  the 
precious  metal  to  pay,  even  at  a  very  moderate  rate,  for 
the  labor  of  washing  it  out. 
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APPENDIX, 


LIMESTONE  OF  LECLAIRE. 

This  limestone,  which  is  so  well  marked  at  the  Rapids  above 
'  Davenport,  and  with  the  Onondaga-salt  group  occupies  a  broad  belt 
along  the  river,  cannot  be  traced  far  into  the  interior,  and  the  coloring 
upon  the  map  is  terminated  in  accordance  with  our  present  know- 
ledge of  the  extent  of  these  rocks.  This  rapid  disappearance  of  a 
limestone  which  causes  such  a  conspicuous  feature  on  the  Missis- 
sippi river,  renders  a  farther  investigation  desirable;  and  from  the 
great  irregulaiity  of  the  beds,  there  is  a  possibility  that  its  thickness  on 
the  river  has  been  over-estimated.  The  results  of  farther  inquiry 
will  be  given  in  a  future  Report. 


NOTE  ON  THE  SECTIONS  OF  STRATA  EXPOSED  AT 
BURLINGTON,  IOWA. 

Mr.  Charles  A.  White,  of  Burlington,  has  furnished  me  with  the 
following  carefully  measured  sections  of  the  strata  exposed  at  that 
place,  together  with  the  accompanying  memoranda.  Section  No.  I  is 
at  the  north  part  of  the  city ;  No.  Ill  is  about  one  and  one-third 
miles  south  of  the  first,  and  No.  II  is  between  one  and  three.  Nos. 
4,  5  and  6  of  the  strata  are  thicker  at  a  point  some  three  miles  north 
of  the  city,  and  have  diminished  considerably  below  the  measure- 
ments of  the  sections  at  a  point  two  miles  south  of  the  city.  About 
one  mile  south  of  Burlington,  No.  8  is  over  twenty-five  feet  in 
thickness  ;  and  at  a  point  three  miles  southwest,  it  is  about  forty  feet 
thick. 

"At  the  point  where  the  section  No.  II  was  made,  the  bed  No.  1  is 
known  to  extend  sixty-five  feet  beloW:the  bed  of  the  river,  without 
any  apparent  change  of  composition,  and  at  this  point  the  boring  was 
discontinued.  This  gives  a  greater  thickness  to  the  strata  of  the  age 
of  the  Portage  and  Chemung  groups  than  had  heretofore  been  proved 
in  that  part  of  the  country;  and  we  have  yet  an  unascertained  depth 
below  this  point,  which  may  bring  the  entire  thickness  up  to  the 
measurements  made  in  Missouri,  which  are  about  two  hundred  feet. 
At  the  same  time  the  more  northerly  localities  of  these  strata  have 
not  yet  shown  more  than  half  this  amount  of  thickness. 
[lowA  Survey.] 
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"  The  bed  No.  1  is  composed  principally  of  a  light  blue  indurated 
clay,  effervescing  freely  with  acids,  somewhat  arenaceous,  and  pass- 
ing upward  insensibly  into  a  greenish-yellow  fine  grained  sandstone : 
the  greenish  color  seems  to  be  due  to  the  yellow  sand  mixing  with 
the  blue  clay.  Fossils  are  very  rare  in  this  bed,  but  are  oftenest  found 
in  the  upper  part.  Concretions  of  yellow  bisulphuret  of  iron  are  fre- 
quently found  in  it.  Sometimes  the  stone  of  the  upper  part  of  this 
bed  is  of  sufficient  hardness  to  withstand  the  action  of  the  atmo- 
sphere and  frost,  but  is  too  soft  for  building  purposes.  Lower  down  in 
the  bed,  although  too  hard  for  removal  by  the  pickaxe,  in  most  places 
it  crumbles  into  a  soft  clayey  substance  upon  exposure  to  the  atmo- 
sphere. It  sometimes  presents  a  shaly  appearance,  and,  throughout 
the  bed,  the  lines  of  stratification  are  rather  indistinct. 

"  No.  2  is  a  thin  bed  of  limestone  of  a  bluish-brown  color,  and  is 
composed  principally  of  very  small  bivalve  shells,  indistinctly  pre- 
served in  consequence  of  the  compactness  of  the  stone.  It  sometimes 
thins  nearly  out  in  the  vicinity,  and  is  not  inclined  to  disintegrate 
or  become  fragmentary.  It  contains  corals  of  the  Genera  Favosites 
and  Syringopora^  and  a  few  remains  of  crinoids. 

'^No.  3  is  a  distinct  and  sometimes  beautifully  oolitic  limestone.  The 
dividing  line  between  this  and  No.  2  is  often  obscure.  Fossils  are  not 
abundant  in  this  bed,  although  so  abundant  in  No.  2. 

"  No.  4  is  a  dark  gray  compact  limestone,  very  fragmentary,  even 
when  not  exposed  to  the  atmosphere.  It  contains  comparatively  few 
fossils,  but  many  of  them  are  better  preserved  than  those  of  the  other 
Devonian  beds.  The  oolitic  structure  is  sometimes  seen  passing  up- 
wards into  the  bed,  a  foot  or  two  from  No.  3.  It  contains  Spirifery 
Productus^  Orthis^  Chanetes  and  Bhynchonella. 

"  No.  5  is  a  yellowish  fine-grained  sandstone,  very  closely  resem- 
bling that  which  No.  1  passes  upwards  into;  but  is  rather  firmer  in 
its  texture,  and  the  lines  of  stratification  are  more  distinct.  It  con- 
tains casts,  only,  of  fossils;  nearly  all  of  them  quite  small,  but  abun- 
dant. They  are  of  the  Genera  Spirifery  ProductuSy  Ortkisy  Choneiesy 
Euomphaltcs  and  others. 

"  No.  6  is  a  grayish-white  oolitic  limestone,  which  is  quite  a  firm 
and  good-looking  stone  when  taken  from  the  quarry,  but  becomes 
shelly  and  fragmentary  upon  exposure  to  the  atmosphere  and  fixjst, 
and  finally  crumbles  into  small  fragments,  and  is  consequently  wholly 
unfit  for  a  building  material.  It  seldom  changes  in  color  or  texture; 
but  at  one  point  in  the  north  part  of  the  city,  it  loses  its  oolitic 
Structure;  and  at  this  point  the  fossils  are  rather  more  numerous  and 
better  preserved,  and  the  stone  assumes  a  brown  color  and  becomes 
softer.  It  contains  corals  of  the  Genera  Cyathopkyllttm  and  Syrifigo- 
pora;  also  EuomphaluSy  Orthoceras^  Spirifer^  ProductuSy  Orthisy  and 
the  large  Gyroceras  of  Owen. 

"  No.  7  is  a  reddish-brown  semicrystalline  limestone.  From  fifteen 
-to  twenty-five  feet  firom  the  base  it  is  tolerably  solid,  and  is  a  very 
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good  building  stone,  notwithstanding  the  action  of  the  frost.  The 
stone,  from  some  of  the  quarries,  malces  a  good  lime.  Above  this  it 
consists  of  thin  beds  of  limestone,  chert,  and  earthy  material.  Fossils 
are  not  so  abundant  in  the  upper  part  of  this  bed  as  in  the  lower  part, 
which  is  composed  almost  entirely  of  fossil  remains.  It  contains  crinoids 
in  great  abundance,  Spirifer^  Productus^  Orthis^  RhynchonellCj  Euom- 
phalusy  Syringoporaj  Cyathophyllum  and  trilobites  (the  latter  very 
rare). 

"  No.  8  is  generally  a  white  crystalline  limestone,  but  often  assumes 
a  brown  color  similar  to  that  of  No.  7.  It  is  a  very  good  building 
stone,  and  the  purer  parts  make  a  very  good  lime,  but  it  contains 
considerable  silex.  The  fossils  imbedded  in  it  are  frequently  found 
silicifled,  while  the  stone  surrounding  them  is  a  very  pure  limestone; 
and  fossils  that  are  partly  weathered  out  present  a  siliceous  blossom- 
ing on  the  exposed  surface,  even  when  the  imbedded  part  is  quite 
calcareous.  This  bed  contains  crinoids  in  great  abundance;  also  Spi- 
rifer^  Orthis^  Terebratula^  Capvius^  Pecten  and  Lingula;  also  corals 
of  several  genera  and  species." 

The  subdivisions  of  the  sections  given  by  Mr.  White  from  Nos.  1  to  6 
inclusive,  constitute  what  I  have  referred  to  the  Chemung  and  Portage 
groups,  or  to  the  Chemung  group  alone;  and  Nos.  7  and  8  constitute 
what  I  have  designated  the  Burlington  limestone  (  See  pages  89  and 
90  of  this  Report). 

The  occurrence  of  Favosites  and  Syringopora  in  the  bed  No.  2,  and 
of  Syringopora  in  bed  No.  6,  had  not  been  previously  noticed,  so  far 
as  I  know,  in  any  strata  of  this  age  in  the  West,  and  is  an  interest- 
ing fact  in  the  palseontology  of  the  group. 

Mr.  White  has  made  extensive  collections  of  the  Crinoidese  of 
the  Burlington  limestone,  and  finds  that  certain  species  are  restricted 
in  their  vertical  range  to  the  lower  or  brown  beds,  while  others  are 
limited  to  the  upper  or  white  beds  of  the  series.  The  species  from 
the  lower  beds  have,  to  a  great  extent,  a  different  aspect  and  expres- 
sion from  those  of  the  upper  beds.  Although  no  attempt  has  been 
made  to  recognise  this  distinction  in  the  published  species  of  this  Re- 
port, for  I  had  not  sufficient  information  at  the  time,  yet  among  the 
^ctinocrinus^  Plate  10  illustrates  the  prevailing  character  of  those  from 
the  brown  beds,  or  No.  7 ;  while  Plate  1 1  expresses  the  character  of 
those  from  the  white  beds,  or  No.  8  of  the  sections. 
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NOTE. 

I  am  informed  by  Mr  Woktbek,  since  the  printing  of  this  volume,  that  in  Sontbeni  Illi- 
nois the  thinning  of  the  sandstone  between  the  St  .Louis  limestone  and  the  Kaskukii  lime- 
stone brings  the  two  rocks  so  nearly  in  contact,  that  it  is  probable  the  relatiTe  pontloa 
of  the  fossils  has  not  always  been  properly  discriminated.  Some  of  the  species  oo  Plate 
25,  as  fig.  1  and  fig.  4,  may  belong  to  the  horizon  of  the  St.Louis  limestone;  sod  I  sus- 
pect also  that  Pentremites  gymmetricus  m&y  be  of  the  same  age.  The  lines  of  tepantin 
between  the  members  of  the  Carboniferous  limestone  aeries,  as  indicated  from  exuBina- 
tions  towards  their  northern  limits,  are  not  always  as  well  marked  at  the  sontb,  sndsoDe 
confusion  may  exist  for  a  time.  No  reasonable  efibrt  will  be  spared  to  follov  out  these 
investigations;  and  whatever  error  may  be  discovered,  will  be  corrected  on  a  Aitiue  occa- 
sion. 

The  jiciinocrinut  pentagonuSf  page  577,  is  apparently  identical  with  J.concvinv 
(Shumard,  Geol.  Kep.  of  Missouri,  1856,  page  189,  plate  A,  fig.  5).  The  ipeciisa 
figured  presc'uts  some  modifications  of  structure,  which  are  abnormal. 


GEOLOGICAL  SECTION  ALONG  THE  MISSISSIPPI  RIVER,  FROM  THE  UPPER 
IOWA  RIVER  TO  St.  LOUIS,  Ac. 

The  geological  section  accompanying  Part  I  of  this  volume  is  constructed  from  actual 
observations  made  along  the  Mississippi,  and  illustrates  the  features  preseoted,  upon  the 
western  or  Iowa  side  of  the  river,  from  the  northern  limit  of  the  State,  to  below  the 
mouth  of  the  Dosnioines  ri»^er.  From  that  point  to  Clarkesville  (Mo.),  the  sections 
constructed  from  observations  made  on  both  sides  of  the  Mississippi;  and  from  Clarkes- 
ville to  the  mouth  of  the  Missouri  river,  the  structure  presented  is  that  which  is  seen 
upon  the  eastern  or  Illinois  side. 

The  section  from  Prairie  du  Rocher  to  Thebes,  Illinois,  is  introduced  for  the  purpoie 
of  showing  the  relations  of  the  Kaskaskia  limestone  to  the  limestones  below,  from  whi<4 
it  is  separated  by  the  intervening  ferruginous  sandstone. 
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Alsmakee  oonnty,  geology  of>  page  317. 

AlkBUea>  their  preaenee  in  the  rooks  of  Iowa, 
387. 

Analyses,  of  Iowa  eoals,  402 ;  of  limestones. 
Lower  Magnesian,  333,  334,  335;  Bnff  and 
Trenton,  343,  344,  345,  347,  348,  349;  Ga- 
lena,  352,  353;  Niagara,  364,  365,  366; 
Leclaire,  368,  369,  370;  Hamilton  group, 
372,  373,  374,  375;  Chemung  gronp,  378; 
Carboniferous,  380,  381,  382;  Coal  mea- 
sures, 385,  386. 

Analysis,  chemical,  of  coals,  method  adopt- 
ed, 400;  of  limestones,  386;  general  re- 
sults of  analyses  of  limestones,  388. 

Anemosa,  geology  of  its  yicinity,  280. 

Area,  of  the  State  of  Iowa,  2. 

Augusta,  section  of  the  rocks  at,  148. 

Belleyue,  section  of  the  rocks  at,  68. 

Benton  county,  geology  of,  260. 

Bentonsport,  section  of  Coal  measures  at, 
158. 

Blodget,  Lorin,  his  <<  Climatology  of  the 
United  States''  noticed,  27. 

Bluffs,  riyer,  elevation  and  mode  of  forma- 
tion of,  17,  18. 

Bottom-lands,  of  the  Mississippi  and  Mis- 
souri rivers,  14, 15. 

Bricks,  materials  for,  in  Iowa,  416. 
Building-stones,  of  Iowa  noticed,  389. 
Buchanan  county,  geology  of,  noticed,  295. 

Burlinij^n,  section  of  rocks  at,  89, 90 ;  notice 

of  the  rooks  near,  203. 
Butlerville,  notice  of  the  rocks  near,  367, 

368. 
Cap-rock,  definition  of,  440. 

Carboniferous  limestones,  see  Limestone, 
carboniferous. 

Catskill  mountain  group,  41. 

Cedar  county,  geology  of,  noticed,  278. 

Cedar  creek,   Jefferson  county,  section  of 

Coal  measures  on,  233. 
Cedar  falls,  section  of  the  rocks  near,  180. 
Cedar  rapids,  notice  of  the  rooks  near,  262. 
Cedar  river,  its  course  noticed,  11 ;  geology 

of  the  valley  of,  307;  seotion  on,  at  St. 

Charles,  308. 
Chemistry  and  economical  geology,  324. 

[  Iowa  Survey.] 


Chemunf^  ^np,  character  of,  on  the  Mis- 
sissippi nver,  88  -  91 ;  section  of,  at  Bur- 
lington, 89;  chemical  examination  of, 
376;  in  Missouri,  91;  in  Washington 
county,  244. 

Chester,  Illinois,  section  of  rooks  at,  114. 

Chickasaw  county,  geology  of,  noticed,  306. 

Clayton  city,  section  of  the  rocks  near,  57. 

Clayton  county,  geology  of,  297. 

Climate,  of  Iowa,  27  -  34 ;  of  the  eastern 
and  western  States  compared,  32,  33. 

Clinton  county,  geology  of,  noticed,  278. 

Clinton  group,  40. 

Coal,  general  remarks  on  the  mode  of  occur- 
rence of,  397 ;  chemical  composition  of  the 
coals  of  Iowa,  399;  presence  of  pyrites 
and  gypsum  in,  399;  method  of  analysis 
of,  400. 

Coal  measures,  description  of,  as  occurring 
along  the  Mississippi  river,  120  - 141 ;  sec- 
tion of,  showing  the  relations  of  the  series 
in  the  northwest,  128  '^  relative  thickness 
of,  41 ;  cavities  filled  with,  in  the  Uamilton 
group  etc-,  130,  131 ;  section  of,  near  Elk 
rapids,  172;  section  of,  on  Deception  creek, 
173;  section  of,  near  Fort  Dodge,  175;  at 
Bentonsport,  158  ;  near  Coal  port,  167  ; 
near  Bennington,  170 ;  at  Croton,  154;  on 
Cedar  creek,  235;  near  Dahlonega,  250; 
in  Desmoines  county,  200 ;  near  Desmoines, 
171;  at  Danville,  201;  near  Eddyville, 
165;  near  Farmington,  156, 157;  in  Henry 
county,  211;  near  Hillsborough,  151,  223; 
near  lowaville,  161;  in  Lee  county,  188; 
in  Jefferson  county,  233;  at  M< Ready's, 
near  Ottumwa,  164;  near  Portland,  160; 
near  Redrock,  168,  169 ;  near  Salem,  150, 
151 ;  at  St.  Francisville,  152;  at  Thomas's, 
on  Bear  creek,  224;  in  Van  Buren  county, 
222;  in  Wapello  county,  250;  in  Wash- 
ington county,  241. 

Concretionary  limestone,  see  Limestone, 
concretionary. 

Concretionary  structure  of  rocks  near  Mus- 
catine, 276. 

Council  Bluffs,  record  of  temperature  at,  29. 

Crevices,  the  mineral -bearing,  described, 
437;  parallelism  of,  in  the  Dubuque  dis- 
trict, 456. 

Cretaceous  formation,  37,  143. 

Croton,  seotion  of  Coal  measores  at,  154. 
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Peeorah,  notice  of  tho  rocks  in  its  yioinity, 

31S. 
Delaware  ooanty,  geology  of,  295. 
Denudation,  prcTious  to  the  deposition  of  the 

Coal  measures  in  the  Northwest,  129;  sec- 
tion, 133. 
Desmoines,  section  of  Coal  measures  near, 

171. 
Desmoines  county,  report  on  the  geology  of, 

by  A.  H.  WoRTHBN,  147;  section  of  rocks 

occurring  in,  199 ;  economical  geology  of, 

207. 
Dee  Moines  riyer,  noticed,  10. 
Des  Moines  valley,  report  on  the  geology  of, 

by  A.  H.  WoRTHEN,  147. 
Diagram  of  the  lead -bearing  crevices  near 

Dubuque,  noticed,  456. 
Dolomites,  economical  application  of,  300. 
Drift  formation,  in  Desmoines  county,  200 ; 

in  Henry  county,  210;  in  Lee  county,  187; 

in  Van  6nren  county,  221. 
Dubuque,  principal  mines  near,  446. 
Dubuque  county,  geology  of,  286. 
Durango,  diggings  near,  457. 
Eddyville,  sections  of  Coal  measures  near, 

165. 
Eldora,  Coal  measures  near,  noticed,  269. 
Elevation,  of  the  surface  of  Iowa,  5 ;  of  the 

Mississippi  at  various  points,  6;   of  the 

prairie>region,  19. 

Elevations,  on  the  line  of  the  Dubuque  and 
Pacific  R.  R.,  3,  4;  on  the  Miss,  and  Mis- 
souri R.  R.,  4;  theoretical  remarks  on,  43. 

Elkader  mills,  section  of  the  rocks  near,  61. 

Elk  rapids,  section  of  Coal  measures  at,  172. 

Fayette  county,  geology  of,  302. 

Figure  of  the  Stote  of  Iowa,  1. 

Fire-elay,  localities  of,  in  Iowa,  115,  197, 
207,  218,  230,  257,  272. 

Flat-openings,  defined,  443;  at  Shnllsburg, 
444. 

Floyd  county,  geology  of,  306. 

Fort  Armstrong, record  of  temperatures  at,  29. 

Fort  Atkinson,  geology  of  its  vicinity,  314. 

Fort  Dodge,  record  of  temperatures  at,  29; 
sections  of  the  rooks  near,  175, 177. 

Fort  Desmoines,  record  of  temperature  at, 
29. 

Fort  Madison,  record  of  temperatures  at,  29 ; 
section  of  the  rooks  opposite,  100. 

Galena,  see  Lead  ore. 

Geodes,  occurrence  of,  in  rocks  of  the  North- 
west, 382. 

Geology,  of  the  Northwest,  general  remarks 
on,  35. 

Geological  formations,  change  in,  as  traced 
from  east  to  west,  38;  tabular  view  of  the 
geological  series  in  Iowa,  46. 

Gold,  remarks  on  its  occurrence  in  Iowa,  471. 

Gutenberg,  lead  mines  near,  458;  section  of 
the  prairie  near,  16 ;  section  of  the  rocks 
near,  58. 


Gypsum,  near  Fort  Dodge,  177;  oeourrenee 
of  in  Iowa,  417. 

Hamilton  group,  40;  occurrence  of,  on  the 
Mississippi  nyer,  85-88;  in  Johnson 
county,  263 ;  section  of,  on  Crane  ereek, 
305;  chemical  composition  of  rocks  of  Ha- 
milton age,  370 ;  analyses  of,  372 ;  section 
of,  on  the  Mississippi  river,  86,  87. 

Hardin  county,  geology  of,  266. 

Hajrden,  Dr.,  discovery  of  Jurassic  fossils  by 
him  on  Judith  river,  144. 

Henry  county,  report  on  the  geology  of,  by 
A.  H.  WoRTHEX,  209;  Coal  measures  in, 
211 ;  economical  geology  of,  217. 

Hillsborough,  section  of  Coal  measures  near, 
151. 

Howard  county,  g^logy  of,  306. 

Hudson -river  group,  noticed,  39;  develop- 
ment of,  as  seen  in  the  Mississippi  river 
section,  64,  70;  general  remarks  on,  357; 
in  Dubuque  county,  290 ;  in  Clayton  conn- 
ty,  299;  bituminous  matter  contained  in, 
358,  359;  origin  of  bitumen  in,  361. 

Hungerford,  Prof.  Edward,  reconnaissance 
by,  306. 

Hydraulic  lime,  materials  for,  in  Iowa,  392; 
general  remarks  on  the  composition  of, 
393;  magnesian  limestones  used  for  hy- 
draulic purposes,  in  France,  394,  in  Vir- 
ginia, 395,  in  New-York,  396. 

Hygrometric  moisture,  in  coal,  400. 

Independence,  notice  of  the  rooks  in  tho 
vicinity  of,  181. 

Iowa  city,  notice  of  rocks  near,  131,  133, 

263,  265. 
Iowa  county,  geology  of,  260. 
Iowa  falls,  section  of  the  rocks  near,  180. 
lowaville,  section  of  Coal  measures  near,  161 . 
Iron  ore,  in  Coal  measures,  417;  analysis  of, 

from  Crawford's  mill,  418;    in  Niagara 

limestone,  285,  419. 

Jackson  county,  geology  of,  noticed,  282. 
Jasper  county,  geology  of  noticed,  266;  Coal 

measures  in  noticed,  272. 
Jefferson  conntr,  report  on  the  geology  of, 

by    A.  H.  Wort  HEN,    231  ;    economical 

geology  of,  237. 
Johnson  county,  geology  of,  260. 
Jones  county,  geology  of,  278. 

Jurassic  system,  existence  of  fossils  belong- 
ing to  in  the  West,  144. 

Keokuk,  section  of  rocks  near,  101. 
Keosauqua,  section  of  Coal  measures  near, 
159. 

Lead,  statistics  of  the  production  of,  466. 

Lead  mines,  in  the  vicinity  of  Dubuque 
described,  447-456 ;  in  the  Lower  Magne- 
sian limestones,  460 ;  can  they  be  possibly 
worked,  461. 

Lead  ore,  general  remarks  in  the  occurrence 
of,  in  the  Northwest,  423;  first  discovery 
of  in  the  Upper  Mississippi  region,  424; 
geoloffioal  formations  in  whieh  it  occurs, 
427;  limits  of  the  producUre  rock  in  ver- 
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tical  heirht,  428,  436 ;  orystaliine  form  of, 
429;  mode  of  oeeurrenee  of,  430;  olaMifi- 
OBtion  of  the  forms  of  ooenrrenoe  of,  436 ; 
deposits  of,  in  yertical  crevioes,  437 ;  in 
flat  sheets,  443 ;  practical  questions  in  re- 
gard to  the  occurrence  of,  462. 
Lead  region,  area  of  the  Upper  Mississippi, 
426 ;  see  Lead  ore. 

Leclaire,  section  of  the  rocks  at,  77;  Coal 
measnres  near,  121. 

Lee  county,  report  on  the  c^eolo|nr  of,  bj  A. 

H.  WoBTHSN,  184;  section  of  the  rocks 

exposed  in,  185;  Coal  measures  in,  188; 

economical  geology  of,  196. 
Lime  creek,  section  on,  at  Rockford,  309. 
Limestones,  method  of  chemical  analysis  of, 

386;  economical  application  of,  389. 

Limestone,  Bibdseyk,  39. 

Limestone,  Black  riter,  30. 

Limestone,  Burlington,  notice  of,  as  de- 
yeloF«d  on  the  Mississippi  river,  92,  93, 
94;  in  Lee  county,  195;  in  Desmoines 
county,  203;  in  Washington  county,  244. 

Limestone,  Buff,  a  subdivision  of  the 
Trenton,  345. 

Limestone,  Carbonifkrous,  description  of, 
92-119;  tabular  view  of  the  classification 
of,  in  the  Northwest,  109 ;  comparison 
of  sections  of,  given  by  various  geolo- 
gists, 110;  changes  in  the  character  of, 
at  various  points  in  the  West,  112;  con- 
dition of  the  ocean  at  the  time  of  its  depo- 
sition, 117;  chemical  composition  of,  379; 
value  for  building  materials,  379. 

Limestone,  Chazy,  38. 

Limestone,  Concretionary,  Breeciated,  see 
St.  Louis  limestone;  in  Lee  county,  190; 
in  Desmoines  county,  201;  in  Henry 
oonnty,  215 ;  in  Van  Buren  county,  226 ; 
in  Washington  county,  242;  in  Wapello 
county,  254. 

Limestone,  Galena,  39;  development  of,  in 
the  Mississippi  river  section,  60-63 ;  in  Du- 
buaue  county,  288 ;  in  Clayton  county,  299 ; 
in  Fayette  county,  304;  in  Winnesheik 
county,  314;  chemical  composition  of,  350; 
analyses  of,  351. 

Limestone,  Kaskaskia,  notice  of,  as  ex- 
hibited on  the  Mississippi,  107. 

Limestone,  Keokdk,  notice  of,  as  exhibited 
on  the  Mississippi  river,  94-96;  in  Lee 
county,  193;  in  Desmoines  county,  202; 
in  Henry  county,  216;  in  Van  Buren 
county,  228. 

Limestone,  Leclaire,  character  of,  on  the 
Mississippi  river,  73;  chemical  composi- 
tion of,  368 ;  notice  of  at  Walnut  Grove, 
281. 

Limestone,  Lower  Magnesian,  in  Winne- 
sheik county,  313;  chemical  composition 
of,  332 ;  character  as  a  building  stone,  335; 
accidental  minerals  of,  336. 

Limestone,  Niagara,  changes  in  the  cha- 
racter of,  as  traced  from  east  to  west,  40 ; 
development  of,  on  the  Mississippi  river,  71 
-73;  in  Jackson  county,  283;  sections  in 
the  vicinity  of  Makoqncta,  284 ;  occurrence 


of  iron  ore  in,  285;  in  Dubuque  ooantr, 
292;  section  of  west  of  Dubuque,  294;  in 
Clayton  county,  298;  in  Fayette  county, 
303;  in  Winnesheik  county,  316;  range 
and  extent  of,  in  the  Northwest,  362; 
chemical  composition  of,  364;  fossils  of, 
366;  accidental  minerals  of,  367;  vidue  as 
a  building  material,  368. 
Limestone,  St.  Louis,  notice  of,  as  oc- 
curring on  and  near  the  Mississippi  river, 
98-106. 

Limestone,  Trenton,  39;  development  of,  on 
the  Mississippi  river,  54-60;  in  Dubuque 
county,  287 ;  in  Clayton  county,  301 ;  In 
Winnesheik  county,  314;  general  remarks 
on  the  chemical  composition  of,  342 ;  ana- 
lyses of,  347 ;  use  as  a  building  stone,  391. 

Limestone,  Upper  Helderberg,  39,  81-84. 

Limestone,  Warsaw,  general  remarks  on, 
97;  in  Lee  county,  192. 

Linn  oonnty,  notice  of  the  geology  of,  260. 

Little  Makoqueta  river,  section  of  the  Hud- 
son river  group  on,  66. 

Magnesia,  its  influence  in  rendering  lime 
hydraulic,  396. 

Marshall  county,  geology  of,  266. 
Marsden  lode,  described,  444. 
Meteorological  records,  in  various  parts  of 
Iowa,  29-31. 

Mills's  lode,  described,  445. 

Mineral  deposits,  remarks  on  the  general 

character  of,  431. 
Mineral  veins,  remarks  on  the  nature  and 

origin  of,  432. 

Mining,  early  history  of,  in  the  lead  region, 
424. 

Mines  in  the  vicinity  of  Dubuque,  described, 
448-456;  Stewart  A  BarUett's,  448;  Le- 
vins's  cave,  450;  Kerrick  A  Jones's  lode, 
453;  Kennedy's  lode,  454;  Langworthy 
lode,  455;  M'Kinsie's  lode,  455. 

Mississippi  river,  elevation  of,  at  various 
points,  6;  fall  of,  in  various  portions  of 
its  course,  6 ;  rapids  of,  7 ;  section  of  rocks 
exposed  on,  south  of  Keokuk,  46, 103-106; 
evidence  of  a  hij^r  stage  of  water  in 
former  times,  186. 

Missouri  river,  navigation  of,  8 ;  fall  of,  in 
various  portions  of  its  course,  8. 

Mitchell  oonnty,  geology  of,  306. 

Monte  Sana,  comparison  by  section  of  rocks 
near,  114. 

Mounds,  40,  42;  in  Iowa,  Wisconsin  and 
Illinois,  noticed,  12  ;  Blue,  12;  Table, 
near  Dubuque,  13. 

Mount-Pleasant,  sections  of  the  rocks  near, 
95,  99. 

Muscatine,  records  of  temperature  at,  29; 
section  of  the  rocks  at,  126,  275;  concre- 
tions at,  276. 

Muscatine  county,  geology  of,  noticed,  274. 
New-Bufi'alo,  coal  deposits  near,  124. 
Newburg,  section  of  the  rocks  near,  310, 311. 
New-Galona,  section  of  the  rocks  near,  318, 
319;  mining  operations  near,  460. 
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Newton,  ooal  bedi  in  the  yioinity  of,  373. 
Oneida  conglomerate,  39. 

Onondsgs-salt  group  noticed,  40 ;  character 
of,  as  developed  on  the  MissiBsippi  river, 
76-80. 

Openings,  mineral,  described,  437. 

Owen,  D.D.,  his  section  of  the  Carboniferous 
limestones,  102. 

Parvin,  T.  S.,  meteorological  records  by, 
28,  30,  31. 

Permian  fossils,  in  Illinois,  142. 

Permian  system,  probable  existence  of,  in 
Iowa,  142. 

Phosphoric  acid,  presence  in  the  rocks  of 
Iowa,  389. 

Plateaa  da  Coteaa  des  Prairies,  elevation 
of,  19. 

Portage  group,  40. 

Portland,  section  of  Coal  measures  near,  160. 

Potsdam  sandstone,  see  Sandstone,  Potsdam. 

Powesheik  county,  geology  of,  noticed,  266. 

Prairies,  their  origin  discussed,  14-27 ;  vege- 
tation of,  21. 

Pyrites,  presence  of,  in  western  coals,  399. 

Quarry  creek,  sections  of  the  rocks  on,  78, 
79. 

Rain,  distribution  of,  in  Iowa,  34;  tables  of 
at  Muscatine,  31. 

Rapids,  of  the  Mississippi  river,  7. 
Redrock,   section  of   Coal  measures  near, 

168,  169. 
Rivers,  of  Iowa,  noticed,  9-11. 
Roads,  paucity  of  materials  for  in  Iowa,  392. 
Rockford,  geology  of  its  vicinity,  309. 
Salem,  section  of  rocks  near,  150. 

Sandstone,  Calciprrous,  38;  remarks  on, 
as  exhibited  in  the  Mississippi  river  sec- 
tion, 4»-51. 

Sandstone,  Coal  mbasurb,  in  Iowa  and 
Johnson  counties,  49. 

Sandstone,  Medina,  40. 

Sandstone,  Potsdam,  changes  In  the  cha- 
racter of,  as  traeed  from  east  to  west,  38: 
remarks  on,  as  exhibited  in  the  Mississippi 
river  section,  47 ;  chemical  composition  of, 
328;  deficiency  of,  in  organic  remains, 
830 ;  agricultural  character  of  the  region 
covered  by  it,  331;  use  as  a  building 
stone,  390. 

Sandstone,  St.  Peter's,  remarks  on,  as 
exhibited  on  the  Mississippi  river,  52-54; 
range  and  extent  in  the  Northwest,  338; 
chemical  and  mincralogical  character  of, 
338,  339;  origin  of,  340. 


Sandstones,  of  the  Northwest,  their  proba- 
ble origin,  340. 

Scott  county,  geology  of,  noticed,  878. 

Shellroek  falls,  section  of  the  rooks  at,  310. 

Stewart  A  Bartlett's  lode,  deeeribed,  448. 

St.  Charles,  notice  of  the  geology  in  .its 
vicinity,  308. 

St.  Francisville,  section  of  the  rocks  at,  152. 

Sulphur,  in  coal,  402. 

Sulphuric  acid,  in  the  rooks  of  Iowa,  389. 

Snpraearboniferous  formations  of  Iowa,  142. 

Surface  deposits,  of  lead  ore,  noticed,  437. 

Surface  geology,  reserved  for  a  future  re- 
port, 323. 

Swallow,  Prof.  G.  0.,  his  section  of  the 
Carboniferous  limestones  of  Missouri,  no- 
ticed, 103. 

Tama  county,  g^logy  of,  noticed,  266. 

Tcte  des  Morts  valley,  notice  of,  282. 

Temperature,  of  the  eastern  and  western 
states  compared,  33. 

Topographical  features,  causes  producing. 

Topography,  of  Iowa,  1-8. 

Turkey  river,  geology  of  its  valley,  300,  303, 

304,  314. 
Upper  Helderberg  limestone,  40;  noticed,  8L- 

&4t\  section  of  near  Davenport,  83. 
UUca  slate,  quantity  of  carbon  in,  358. 

Van  Buren  county,  report  on  the  geology  of, 
by  A.  H.  WoRTHBN,  219  ;  economical 
geology  of,  229. 

Veins,  charaoteristies  of  true,  432. 

Walnut  grove,  character  of  the  rooks   at, 

281. 
Wapello  county,  geological  report  on,  by  A. 

H.  WoRTHBN,  248;  economical  geology  of, 

256 ;  Coal  measures  in,  250. 
Wapeepinicon  river,  noticed,  11. 
Water,  in  Iowa  coals,  400. 
Watershed,  of  Iowa,  diagram  of,  9. 
West  Union,  geology  of  its  vicinity,  303. 

Washington  county,  report  on  the  geology 
of,  by  A.  H.  Wort  HEN,  239;  drift  deposits 
in,  241 ;  Coal  measures  in,  241 ;  economical 
geology  of,  246. 

Winneeheik  eounty,  geology  of,  noticed,  312. 

Wort  HEN,  A.  H.,  his  report  on  the  geology 
of  the  Desmoines  valley,  147;  report  on 
the  geology  of  certain  counties,  183. 

Zinc,  probability  of  its  being  snocessfnily 

manufactured  in  Iowa,  471. 
Zinc  ores,   occurrence  of,    in   Iowa,   469; 

analyses  of,  470. 
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